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NOTE  RELATING   TO   "WATER-HAMMER"   IN  STEAM 

PIPES. 


By  Prof.  Robert  H.  Thurston. 

[A  paper  read  before  the  American  Society  of  Mechanical  Engineers,  June,  1883.] 


The  writer  has  been  called  upon  during  the  past  winter,  in  the 
course  of  his  professional  work,  to  examine  into  the  systems  of  steam 
heating  in  use  on  so  large  a  scale  in  New  York  city,  and  elsewhere, 
and  to  report  upon  the  condition  and  cajiabilities  of  one  of  those 
"  plants  "  which  have  been  put  in  operation.  In  the  course  of  this 
investigation  he  was  com^jelled  to  examine  into  the  peculiar  methods 
of  injury  to  which  long  lines  of  steam  pipe  thus  used  are  exposed. 

The  action  familiarly  known  as  "  water-hammer "  had  been  long 
known  to  him,  as  to  every  engineer  who  has  had  much  to  do  with 
steam  power,  and  its  singular  effects  had  been  often  observed  and  com- 
mented upon  by  him,  as  by  others  ;  but,  in  this  case,  these  effects  were 
developed  on  so  large  a  scale,  and  were  so  serious  oftentimes  in  their 
consequences  as  to  impress  upon  him  the  desirability  of  examining 
into  the  matt(,'r  more  carefully  than  had  yet  been  done.  He  has  not 
been  able  to  make  a  systematic  and  thoiongh  investigation,  such  as  he 
would  have  liked  to  make;  but  he  has  been  able  to  collect  some  facts, 
a  few  of  which  will  be  here  presented,  that  may  at  least  have  the 
effect  of  calling  the  attention  of  engineers  more  generally  to  this  mat- 
ter, and  may  lead  to  further  study  of  the  subject. 
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2  Watei'- Hammer  in  Steam  Pipes.       [Jour.  Frank.  Inst., 

AVlien  a  pipe  is  filled  with  steam,  and  then  has  introduced  into  it  a 
quantity  of  cold  Avater,  or  when  a  pipe,  itself  cold,  and  containing 
cold  water,  even  in  very  small  quantity,  and  without  pressure,  has 
steam  turned  into  it,  the  first  contact  of  the  two  fluids  is  accompanied 
by  a  sudden  condensation,  which  causes  a  sharp  blow  to  be  struck, 
usually  at  the  point  of  entrance ;  and  sometimes  a  succession  of  such 
blows  occurs,  which  are  the  heavier  as  the  pipe  is  larger,  and  which 
may  be  startling,  and  even  very  dangerous. 

It  is  not  known,  so  far  as  the  writer  is  aware,  precisely  how  this 
action  takes  place  in  all  cases,  or  what  conditions  are  most  favorable  to 
the  development  of  the  tremendous  pressures  which  are  often  produced. 
Perhaps  the  action  is  as  follows : 

The  steam,  at  entrance,  passes  over,  or  comes  in  contact  with  the 
surface  of  the  cold  water  standing  in  the  pipe.  Condensation  occurs, 
at  first  very  slowdy,  but  j^resently  more  quickly,  and  then  so  rapidly 
that  the  surface  of  contact  between  the  two  fluids  is  broken,  and  con- 
densation is  completed  with  a  suddenness  that  produces  a  vacuum. 
The  water  surrounding  this  vacuum  is  next  projected  violently  from 
all  sides  into  this  vaccuous  space,  and  crossing  it,  strikes  upon  the 
surface  surrounding  it.  As  w^ater  is  nearly  incompressible,  the  blow 
thus  struck  is  like  that  of  a  solid  body,  and  the  intensity  of  the  result- 
ing pressure  is  the  greater  as  the  distance  through  which  the  portion 
of  surface  attacked  can  yield  is  less.  In  this  manner  enormous  pres- 
sures are  sometimes  produced. 

In  some  cases  it  seems  certain  that  such  pressures  may  be  caused  at 
points  in  the  pipe  far  from  either  end,  and  from  the  point  of  entrance 
of  the  steam.  For  example,  a  pipe  may  lie  in  a  nearly  or  quite  hori- 
zontal line,  and,  if  not  fully  drained,  may  contain  a  considerable 
quantity  of  water  lying  in  the  low^er  portion,  while  the  steam  may 
flow  in  above  it.  The  passage  of  this  steam  along  the  surface  of  the 
water  may  cause  some  disturbance  of  the  surface  of  the  liquid,  and 
this  disturbance  being  gradually  increased  as  the  flow  of  steam  becomes 
more  rapid,  may  finally  cause  a  break  in  the  surface  of  the  water, 
which  disturbance  may  produce  more  rapid  conden.sation  and  still 
further  agitate  the  mass,  until  condensation  occurs  with  such  rapidity 
that  a  vacuum  is  formed  at  the  ])oint  of  greatest  action.  The  next 
result  is  the  rushing  of  steam  from  both  directions  towards  this  point, 
carrying  with  it,  as  it  goe.s,  masses  of  water  which,  coming  from  oppo- 
site directions  with  enormous  velocity,  meet  at  the  intermediate  spot  at 
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which  the  condensation  has  been  most  rapid,  and  being  stopped  by 
instant  collision,  produce  a  pressure  which  may  only  have  as  its  limit 
the  strength  of  the  pipe. 

Where  pipes  are  not  burst  by  this  action,  it  is  common  to  see  them 
sprung  and  twisted  out  of  line,  torn  from  their  connections,  and,  when 
a  succe&sion  of  shocks  occur,  as  is  often  the  case,  the  wliole  line  writhes 
and  jumps  lengthwise  to  an  extent  that  is  sufficiently  serious  to  cause 
well-o;rounded  alarm. 

The  writer  had  an  opportunity,  in  the  course  of  his  work  on  the 
case  above  alluded  to,  to  obtain  some  probably  approximate  measures 
of  the  intensity  of  this  action  in  long  and  heavy  lines  of  pipe.  Four 
lengths  of  8-inch  pipe  had  been  split  by  this  action,  and  the  writer 
desired  to  ascertain  Avhethor  they  remained,  in  their  injured  condition, 
strong  enough  to  bear  the  ordinary  steam  pressure  of  the  line  from 
which  they  were  taken.  This  never  rose  above  fifty  or  sixty  pounds 
per  square  inch.  They  Avere  therefore  subjected,  in  a  proving-machine, 
to  gradually  increased  pressures  until  the  already  fracture<l  parts  were 
still  farther  injured,  the  repairs,  or  rather  the  patching  having  been 
carefully  done  in  such  a  way  that  they  were  not  strengthened  by  it. 
Tiiis  was  done  by  putting  on  soft  patches  along  the  line  of  the  split 
and  securing  them  by  bolts  which  were  set  in  the  line  of  the  split. 
The  patches  thus  served  as  simple  stop-valves,  preventing  the  exit  of 
the  water  through  the  break. 

The  following  are  the  results  of  the  tests  : 

Pipe  No.  1. — This  pipe  was  split,  near  one  end,  for  a  distance  of 
15  inches,  along  the  line  of  the  weld.  When  placed  in  the  proving- 
machine,  it  bore  the  applied  pressure  until  it  attained  an  intensity  of 
400  pounds  per  square  inch,  when  the  split  suddenly  extended  about 
ten  inches ;  tiie  j)ressure  could  no  longer  be  kept  uj),  and  the  test 
terminate<l. 

The  pipe  was  tiien  taken  to  a  j)ipe-cutting  machine,  and  the  injured 
part  cut  oif.  It  was  then  again  subjected  to  j)i^ssure.  It  bore  a  pressure 
of  1,100  pounds  per  square  inch, — the  liighcst  that  it  wius  convenient 
or  customary  to  aj)ply  to  that  size, — and  was  taken  out  sound. 

Pipe  No.  2. — This  length  was  cracked  for  a  distance  of  10  inches 
along  the  line  of  weld,  not  far  from  the  middle  of  its  length.  The 
crack  had  opened  a  little  and  the  pipe  was  slightly  bulged.  This  piece 
bore  300  pounds  and  then  gave  way,  the  fracture  extending  just 
enough  to  let  off  the  ])ressure. 
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At  the  opposite  end  of  the  pipe  was  another  split,  8  inches  in 
length.  The  part  just  fractured  was  cut  off,  and  the  remaining  por- 
tion was  again  subjected  to  the  water  pressure.  This  time  it  bore 
1,050  pounds  per  square  inch,  when  the  crack  was  started  and  ran 
about  15  inches.  It  began  leaking,  and  showed  plainly  the  effect  of 
the  pressure  at  about  800  pounds. 

This  was  an  unusually  interesting  specimen,  as  the  pipe  had  been 
buloed  considerably  by  the  water-hammer  along  the  line  of  the  8-inch 
crack.  The  pressure  afterward  borne,  therefore,  seemed  to  the  writer 
to  be  likely  to  be  a  fair  measure  of  that  produced  originally  by  the 
water-hammer.  Such  bulging  as  was  here  seen  never  occurs  at  usual 
pressures.  The  new  break  did  not  follow  the  weld,  but  ran  irregu- 
larly, and  apparently  indifferently,  through  weld  or  solid  iron. 

Pipe  No.  3. — This  length  was  split  for  a  distance  of  22  inches,  the 
end  of  the  break  being  about  3  feet  from  the  end  of  the  pipe.  It  sus- 
tained a  pressure  of  250  pounds.  The  sound  part  of  the  pipe  was 
then  tested  up  to  1,050  pounds  without  injury. 

Pipe  No.  4. — This  piece  was  split,  like  the  last,  and  to  just  about 
the  same  extent,  was  tested  similarly,  and  gave  way  at  300  pounds 
per  square  inch. 

All  of  this  pipe  was  8-inch  pipe,  f  inch  thick,  and  made  with  the 
usual  form  of  lap- welded  joint.     The  welds  were  not  always  perfect, 
as  is  probably  the  fact  with  all  such  pipe;  but  this  pipe,  butt- welded, 
would  have  borne  very  much  higher  pressures  than  those  to  which  it 
was  subjected  in  ordinary  work  by  the  steam  carried  on  the  line.     It 
cannot  be  asserted  that  these  lengths  of  pipe  did  not  split  under  pres- 
sures less  than  those  to  which  they  were  afterward  subjected  by  the 
writer,  as  it  is  very  possible  that  the  first  blow  may  have  found  a  weak 
part  of  the  pipe,  and  the  split  may,  in  some  cases,  have  extended  to 
stronger  portions.     Nevertheless,  the  writer  is  inclined  to  believe  that 
this  was  not  the  case  in  all  instances,  and  is  convinced  that,  in  one 
case  at  least — that  of  th^  8-inch  crack,  which  was  accompanied  by  a 
decided  bulge  in  the  pipe — the  water  pressures,  at  the  test,  were,  at 
least  approximately,  equal  to,  and  are  very  likely  to  have  exceeded, 
those  obtained  at  the  later  test.     It  seems  to  him  very  certain  that  we 
may  consider  it  as  proven  that  the  pressures   produced  by  "  water- 
hammer"  are  often  enormously  in  excess  of  those  familiar  to  us  in  the 
u.se  of  steam,  and  that  they  have  in  many  cases  exceeded  1,000  pounds 
per  square  inch.     It  is,  then,  evident  that  it  is  not  often  safe  to  calcu- 
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late  upon  meeting  these  tremendous  stresses  by  weight  and  thickness 
of  metal,  but  that  the  engineer  must  rely  principally,  if  not  solelv, 
upon  complete  and  certain  drainage  of  the  pij)e  at  all  times  as  the 
only  means  of  safely  handling  steam  in  long  pipes,  such,  especially,  as 
are  now  coming  into  use  in  the  heating  of  cities  by  steam  led  through 
the  streets  in  underground  mains. 

The  facts  here  presented  have  been,  to  the  writer,  something  of  a 
revelation,  and  have  seemed  to  him  to  possess  unusual  interest  and 
importance  to  the  engineer  using  steam  under  such  conditions  as  are 
here  referred  to.  It  is  a  fact  Avhich  has  long  been  well  known,  that 
these  suddenly  producetl  pressures  are  often  very  great.  The  writer 
has  occasionally,  for  many  years,  known  of  serious  and  sometimes 
fatal  accidents  due  to  this  cause;  but  that  these  stresses  are  often  as 
great  as  is  here  indicated  has  probably  been  as  little  realized  by  engi- 
neers generally  as  by  him. 


Locusts  in  the  Island  of  Cyprus.— The  English  government 
gives  a  penny  and  a  half  })er  i)ound  for  locust  eggs.  From  July,  1881, 
to  Feb.  1,  1882,  1329  tons  of  the  eggs  were  brought  to  the  English 
authorities  and  destroyed,  each  egg  being  nnich  smaller  than  a  j)iu's 
head.— 7iVr.  Sciaifif.,  Jan.  G,  1883.  C. 

Exploration  of  Greenland. — Xordenskiold  wishes  to  penetrate 
into  the  interior  of  GrceniaiHJ,  which,  contrary  to  the  general  opinion, 
he  thinks  to  be  free  from  ice.  This  theory  is  based  upon  the  fact  that 
the  John  winds,  or  winds  which  are  relatively  dry  and  warm,  must 
blow  there.  If  such  is  the  case,  they  cannot  take  into  the  interior  of 
the  country  enough  snow  to  feed  a  permanent  glacier.  He  believes 
that  vast  regions  covered  with  perpetnal  ice  arc  a  ])hysical  impossibility 
south  of  the  80tii  degree  of  North  latitude.  The  illustrious  voyager, 
with  tlie  energy  and  intrepidity  which  characterize  him,  does  not  hesi- 
tate to  penetrate  into  the  unknown  deserts  of  the  interior  of  Green- 
land, in  order  to  test  his  theory.  Among  other  studies,  he  ])roposes  to 
continue  those  which  he  undertook  in  November  last,  upon  the  cosmic 
materials  which  the  shooting  stars  bring  to  the  globe.  Those 
researches,  in  which  he  melted  the  snow  collected  at  the  surface  of  the 
ground,  in  order  to  examine  its  contents  chemically,  were  not  decisive; 
the  residue  consisted  principally  of  feldspar  and  other  terrestrial  sub- 
stances, without  traces  of  mctiillic  iron  or  nickel. — Comptrs  liendus, 
March  5,  1883.  C. 
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H.  B.  M.  S.  Inflexible... 

"         Neptune 

70,    90,    90 

118,  118 

4      ' 

8407 
8500 

146 
142 
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639 

"         Conqueror.. 

54,     70 

3 

4500 

100 

480 

"         Sultan 

117-9,  117-9 

i}4 

7736 

139 

625-5 

"         Alexandra. 

70,     90,     90 

4 

8600 

134 

5b6 

' '        Temeraire .. 

70,  114 

3| 

7700 

148 

567-6 

"         Shannon.... 

44,     85 

4 

3540 

140 

560 

"         Nelson 

60,  104 

S'A 

6000 

1.50 

525 

"         Superb 

lUs  116 

4      ' 

7430 

134 

536 

"         Dread- 
nought.... 

66,    90,     90 

■tH 

8202 

134 -S 

606-6 

"         Orion 

65,     65 

214  ' 

4020 

200 

500 

,  t 

Raleigh 

100,  100 

4>i 

6157 

147-S 

665-1 

"         Boadicea.... 

7^,     93,    93 

4 

5523 

150 

600 

"         Iris  and 

.  Mercury.. 

41,    75 

1 
3 

7714 

l»i% 

583-1 

' '         Conquest ... 

36,     64 

2J^ 

2300 

200 

500 

"         Garnet 

57,     90 

2% 

SlOO 

180 

595 

Swift 

38,     66 

2 

870 

200 

400 

"         Rover 

72,    88,     88 

4 

4963-5 

137 

548 

French,  Admiral  Du- 

61,    78'«s 
64,  120 

39-4" 
4 

7397 

154 
160 

505-6 

Italian,  Dandola 

Duilio 

640 
546 

3'i 

7710 

168 

'*       Cliristoforo 

Colombo. 

37-5" 

3782 

172 

537-5  1 

German,  Kaiser -... 

114,  114 

4 

7890 

l.>4 

616 

I.  R.  S.  Europe _ 

43,    73 

4^i 

1800 

130 

oSJ'o                       " 

"     Asia 

34,     56 

n.   60 

3'5 

1060 
ISSO 

132 
136 

462      1 

"     Africa 

612 

34      59 

3 

1470 

184 

554 

"     Novgorod 

Anstrian,  Tagethoff-... 

31,     45 
125.  125 

2 

499-6 

8flnn 

200 
140 
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Dutch,  Atjeh. 
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21 

•2670 
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336-6  ' 
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U.  S.  S.  Trenton 

'*      Qninnebaug.— 

"      Dispatch 

'*      Mianloiiomah 

"      Essex  and 

clas« - 


U.  S.  R.  b.  Rush. -.. 

Gallatin 

'*       Dexter - 

Dallas 

U.S.F.C.S  Fish  Hawk 

S.  S.  Hudson- 

"    New  Orleans- 

"    Knickerbocker  .-. 

"    CityofPekiu 

"           "    San  Fran- 
cisco   


"    !>ervia 

*'    Moor 

"    Aberdeen 

"    Sterling  Castle- 

•'    Ohio 

*'    Britannic- 

Yacht  Leila 

•'     Gitana 

An  English  tug 


46,  76 

54,  54 

■5SV^.7S,  7S 

42,  &i 

i   32,     ^S^ 
:>4,     54 
24,     3S 
341 
26 
36 

4S,  48 
4S,  4S 
44,     44 

51.     SS 

1 

51,  SS 
72,  100.  100 

51,    90 

30,    42,     70 

63,    90,     90 

571.^,  90;^ 

*<,     S3 

9,     16 

13}^  15,    15 

14^.  25 


2J^  '  2930 

3  I  I63O 

4  3100 
Si<,  1  1100 


2^ 


-  2 
3 


40S 

leoo 


l&J 

156 
120 
130 
129 
130 


800  152 

a66-5  141 -68 

348     I  ISTU 

292  145-6 


2^<t         234 

^    

6       


6 
4}i 


6H     10350 
5      ,    4250 


ill 

4 

I 
5 

IKj  . 

1-3    , 

1%  r 


20S6 
S509 
19T7'5 

5000 
149-9 


126-S 

206 

13S 

140 

140 

106 

110 

106 

139-5 

131 

133 

120 

110 

443 

370 
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See  "  Engineering," 
vol.  xx"i. 


See  Qualtrought's 

"PiH>ket  Manual." 
See  Edwards"  "  Ameri- 
can Marine  Engines." 


Average  piston  speed 
for  56  vessels 


4->5 

4«%s 
4* 
455 

356-d 
t>5 

532 

31S-78 

343-6 

436-S 

317 

463-5 

S2S 

700 

SIO 

477 


550 

689       See  "  Engineering," 
vol.  xxxiii. 


589-5 
r3r5 

4S0      See  "  Engineering," 

vol.  xxii. 
550       See  Goodeve"s  "The 

Steam  Engine.'" 
66i-5    See  "Report  to  Bureau 

of  Steam  Engineer'g" 
666-6   See  "Engineering."  " 

vol.  xxli. 
616-6    See -'Engineering,'' 
vol.  xxxiii. 


544066 


Locomotive  "  No.  5000  " 

Italian  torpedo  boat.... 

H.  M.  S.  Polyphemus... 

Small  launch,  named 
Bell  Bird 


I'a 

3V4 

8,     16       1 


910 


700 
960 
'J40 

400 


1400       Built  by  the  Baldwin 
Locomotive  Co. 

1-280       See  "  Engineering,"' 
vol.  xxxiii 

780       Designeil  speed.    See 
same. 

400       See  "  Engineering," 

vol.  XXI. 
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LIQUEFACTION,  VAPORIZATION,  AND    THE  KINETIC 
THEORY  OF  SOLIDS  AND  LIQUIDS.* 


By  H.  T.  Eddy,  Ph.D.,  University  of  Cincinnati. 


In  a  solid,  in  which  the  molecules  are  evidently  held  at  nearly  fixed 
mean  distances  by  cohesive  and  elastic  forces,  there  are  two  kinds  of 
partially  constrained  freedom  of  motion  possible  for  each  molecule  as 
a  whole ;  first  a  motion  of  its  centre  in  a  small  orbit  of  more  or  less 
irregular  shape  about  a  mean  position ;  and  second,  a  more  or  less  irreg- 
ular pendular  motion  of  oscillation  about  a  mean  directional  position. 
Both  of  these  motions  can  be  properly  treated  as  vibratory  motions,  and 
the  laws  of  force  under  which  the  motions  occur,  though  somewhat 
unlike,  as  will  appear  during  the  following  discussion,  have  a  general 
resemblance. 

When  a  solid  is  liquefied,  it  is  evident  that  the  molecules  slide  on 
each  other  with  facility,  which  is  equivalent  to  supposing  that  the  mole- 
cules of  the  body  have  become  perfectly  free  as  to  directional  position ; 
and  this  may  be  explained  by  supposing  that  the  pendular  oscillation 
has  been  changed  into  rotation. 

In  order  to  gain  a  clearer  conception  of  how  the  mean  potential  and 
kinetic  energies  have  been  effected  by  such  a  change,  let  us  consider  the 
case  of  a  simple  pendulum,  which  may  be  taken  to  be  a  heavy  particle 
suspended  by  a  thin  rigid  rod.  It  is  well  known  that  for  any  small 
oscillation  of  this  pendulum  the  mean  potential  and  kinetic  energies 
are  equal,  but  for  oscillations  of  more  considerable  amplitude  this  is 
far  from  being  the  case.  In  order  to  compare  the  mean  potential  and 
kinetic  energies  for  larger  amplitudes,  it  will"  be  useful  first  to  make 
comparison  in  case  of  a  body  of  unit  mass  falling  freely  through  a 
height  s  under  the  action  of  gravity,  in  which  case  we  must,  in  order  to 
obtain  the  mean  kinetic  energy  compute  the  mean  value  o^  ^  v^  =  gs 
during  the  fall.     Let  the  mean  value  be  denoted  by  a  horizontal  stroke 

.    .  ^     ,-:     ^  /"'"  (1) 

Since  by  the  laws  of  falling  bodies 

s=lgt^  (2) 


IV'^^g't'.  (3) 


*  Presented  to  the  Section  of  Chemistry  and  Physics,  O.  Mech.  Inst., 
April  26,  1883. 
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But  the  total  energy  potential  and  kinetic,  which  is  evidently  constant 
during  the  fall,  is  bv  (2), 

gs^lffi",  (4) 

and  this  is,  therefore,  also  the  mean  value  of  the  total  energy.  We 
obtain  the  mean  value  of  the  potential  energy  by  taking  the  differ- 
ence of  the  means. 

.-.  9{^^  =  ifff'-  (5) 

Hence  by  (3)  the  mean  potential  energy  in  a  free  fall  is  twice  the 
mean  kinetic  energy.  The  same  result  holds  in  case  of  a  body  sliding 
down  a  smooth  inclined  plane.  This  result  may  then  be  applied  to 
oscillations  such  as  occur  in  the  ideal  case  of  a  perfectly  clastic  particle 
which  rebounds  from  a  horizontal  plane,  whether  vertically  or  obliquely, 
as  is  the  case  when  it  slides  down  one  incline  of  a  Y  and  then  ascends 
the  other  without  friction.  We  are  now  in  a  position  to  see  what  is  the 
relation  between  the  potential  and  kinetic  energies  in  case  a  smooth 
particle  oscillates  by  sliding  down  one  branch  of  a  \}  and  ascending 
the  other.  In  the  lower  part  of  the  curve  the  velocity  is  near  its 
maximum  value,  and  as  this  part  of  its  path  is  more  extended  than 
before,  the  mean  kinetic  energy  is  greater  in  the  (J  than  in  the  y. 
AVere  the  parts  of  the  y  which  are  nearly  vertical  put  at  a  more  con- 
siderable distance  asunder,  the  mean  kinetic  energy  could  be  increased 
at  will  by  so  doing.  Now,  it  is  known,  in  case  the  curve  on  which  tlie 
particle  oscillates  is  a  cycloid,  that  the  mean  potential  and  kinetic  ener- 
gies are  equal.  Hence,  in  case  it  oscillates  by  sliding  on  any  smooth 
curve,  such  as  a  semi-circle,  whose  vertical  branches  are  not  so  far  asunder 
as  those  of  the  cycloid  which  has  a  hei<j:ht  equal  to  the  radius  of 
the  circle,  the  mean  kinetic  is  less  than  the  mean  potential  energy. 
And  it  further  a[){)ears  that  while  for  small  oscillations  the  mean  kinetic 
and  potential  energies  are  approximately  e(jual,  tliat  as  the  afnplitude 
of  the  oscillation  increases,  the  mean  kinetic  energy  is  a  smaller  and 
smaller  fraction  of  the  total  energy  and  of  the  mean  j)otential  energy. 
The  same  holds  true  in  case  the  amplitude  of  the  oscillation  of  the 
circular  pendulum  is  j)ushed  beyond  90°  on  each  side  of  the  mean.  In 
fact,  in  case  the  kinetic  energy  at  its  lowest  point  is  just  sufficient  to 
carry  the  particle  to  the  highest  point  of  the  circle,  the  particle  will 
rest  there  in  unstable  ecjuilibrium,  in  which  case  the  mean  kinetic  energy 
will  vanish,  since  tiie  time  of  oscillation  is  then, infinite  and  the  total 
energy  will  become  potential  and   remain  so.     Thus  we  see  that  the 
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meau  kinetic  energy  of  the  pendulum  may  be  any  fraction  of  the  total 
energy  less  than  one-half,  according  to  the  amplitude  of  the  oscillation. 
But  there  is  one  other  circumstance  of  importance  in  this  kind  of  os- 
cillation, which  is,  that  although  its  total  energy  is  constantly  increased 
as  the  amplitude  increases,  it  is  far  otherwise  with  the  mean  kinetic 
energy.  This  at  first  increases  with  the  amplitude,  though  not  so  rap- 
idly as  the  mean  potential  energy,  but  as  the  amplitude  approaches 
180°  the  time  of  oscillation  is  so  greatly  increased  that  the  mean  kinetic 
is  actually  decreased  by  an  increase  of  amplitude.  There  is,  therefore, 
a  certain  amplitude  at  which  the  mean  kinetic  energy  is  a  maximum. 
What  that  amplitude  may  be  it  does  not  now  concern  us  to  determine; 
the  only  point  necessary  to  consider  is  the  one  stated,  that  an  increase 
of  total  energy  and  a  consequent  increase  of  amplitude  will  in  no  case 
increase  the  mean  kinetic  energy  unless  the  amplitude  of  the  oscillation 
be  carried  to  more  than  180°.  As  has  been  seen,  a  considerable  increase 
of  total  energy  will  serve  only  to  diminish  the  mean  kinetic  energy, 
but  if  sufficient  total  energy  be  supplied  to  the  pendulum,  the  ampli- 
tude will  exceed  180°  and  its  motion  will  be  changed  from  that  of 
oscillation  to  revolution,  and  on  sufficiently  increasing  the  total  energy 
the  mean  kinetic  energy  of  revolution  will  be  equal  to  the  mean  maxi- 
mum kinetic  enei'gy  of  oscillation. 

The  application  of  the  foregoing  discussion  to  the  oscillatory  motion 
of  the  molecules  of  solid  bodies  is  obvious.  In  case  a  molecule  has 
one  or  more  positions  of  directional  equilibrium  about  which  it  oscil- 
lates, a  sufficient  increase  of  total  energy  (i.  e.,  heat)  will  bring  its 
mean  kinetic  energy  of  oscillation  to  a  maximum,  and  in  order  further 
to  increase  its  mean  rotary  kinetic  energy  a  large  amount  of  potential 
energy  (i.  e.,  latent  heat)  must  be  supplied  to  change  the  oscillations  into 
rotations  of  the  same  mean  kinetic  energy  (t.  e.,  to  melt  the  body). 

There  is  one  other  point  to  be  noticed  in  this  connection,  which  is, 
that  according  to  this  theory  the  specific  heat  of  a  solid  will  in  general 
increase  as  its  temperature  rises  towards  the  melting-point,  ^vhich  is  in 
general  accordance  with  experiment.  It  would  be  necessary,  however, 
in  order  that  this  should  universally  be  the  case,  to  show  that  the  mean 
energy  of  the  particular  molecular  motion  which  is  the  physical  cause  of 
radiant  heat,  is  proportional  to  the  mean  energy  of  the  motion  which 
we  are  now  discussing.  It  is  generally  thought  that  such  a  relation 
exists,  and  it  i.s  certainly  highly  probable  that  the  ratio  between  them 
does  not  change  rapidly  with  the  temperature. 
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The  results  which  we  have  here  obtained  are  not  due  to  the  fact  that 
the  force  causing  the  oseiHation  considered  was  a  special  function  of  the 
amplitude,  or  of  the  distance  of  the  particle  from  its  mean  position. 
The  only  vital  point  is  that  the  oscillation  shall  be  such  that  there 
shall  be  a  maximum  value  of  the  mean  kinetic  energy.  This  remark 
has  special  application  to  the  piienomenon  of  vaporization  also,  which  we 
shall  noAv  consider.  In  vaporization  the  molecules  are  evidently  removed 
to  such  considerable  mean  distances  from  each  other  that  their  paths 
are  mostly  free  from  mutual  interference,  while,  before  vaporization, 
the  molecules  are  in  no  part  of  their  paths  free  from  mutual  action 
and  reaction. 

In  considering  the  forces  which  act  along  a  line  joining  two  mole- 
cules between  which  cohesive  forces  act,  the  phenomena  of  cohesion 
and  of  resistance  to  compression  make  it  evident  that  the  force  with 
which  a  molecule  is  drawn  towards  its  mean  position,  when  their  mutual 
distance  is  slightly  greater  than  the  mean,  is  one  which  at  first  increases 
with  the  displacement  of  the  molecule  from  its  mean  position,  but  the 
displacement  cannot  be  large  without  carrying  the  molecules  beyond 
the  nmge  of  their  mutual  cohesion.  If,  however,  their  mutual  distance 
be  decreased,  the  force  tending  to  restore  a  molecule  to  its  mean  posi- 
tion increases  with  the  displacement,  and  in  such  a  manner  that  no 
force  can  bring  them  into  actual  contact. 

The  cohesive  force  actually  existing  between  the  molecules  of  a  liquid 
is  so  masked  by  the  phenomena  necessarily  accompanying  liquidity 
that  its  true  character  has  been  largely  overlooked.  There  is,  however, 
no  reason,  as  we  think,  to  supi)ose  that  the  forces  acting  to  prevent 
decrease  of  volume  in  a  fluid  are  different  initially  from  those  resisting 
dilatation,  or  at  least  that  they  differ  more  than  the  same  forces  do  in 
a  solid  body. 

In  order  that  we  may  make  clear  the  relations  between  potential, 
kinetic,  and  tottd  energy  in  case  of  vibration  under  the  action  of  mole- 
cular forces  of  this  character,  we  shall  in  the  first  place  discuss  the 
subject  of  the  relation  between  the  law  of  force  and  the  distribution  of 
potential  and  kinetic  energy  somewhat  in  detail.  The  law  of  force  in 
case  of  the  pendulum  already  discussed  is 

y  =  sin  X  (6) 

in  which  y  is  pro[)ortional  to  the  force  acting  to  restore  the  [)article  to 
its  mean  position,  and  x  is  proportional  to  the  displacement  of  the 
particle  from  its  mean   position  at  the  origin,  measured  along  its  path. 
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lu  case  of  a  force  varying  as  the  direct  first  power  of  the  displace- 
ment, the  corresponding  equation  is 

y  =  '^,  (7) 

which  is  the  equation  of  a  line  tangent  to  (6)  at  the  origin,  and  hence, 
as  before  seen,  for  vibrations  of  small  amplitude  the  two  laws  are 
approximately  identical. 

Now  let  a  third  law  be  assumed  to  be  represented  by  an  equation 
of  a  form  such  as 

y  =  tan  X.  (8) 

Since  (7)  is  also  tangent  to  (8)  at  the  origin,  for  vibrations  of  small 
amplitude,  the  laws  of  force  expressed  by  (7)  and  (8)  will  cause 
vibrations  in  which  the  distribution  of  kinetic  and  potential  energy  is 
approximately  the  same.  If,  however,  sufficient  energy  is  imparted  to 
the  vibrating  particle  so  that  the  amplitude  is  not  small,  it  is  not 
difficult  to  see  that  the  mean  kinetic  energy  no  longer  remains  equal 
to  the  mean  potential  energy,  as  it  is  when  the  law  of  force  is  expressed 
by  (7),  nor  is  the  mean  kinetic  energy  the  less  of  the  two,  as  when  the 
law  is  expressed  by  (6),  but  instead  it  is  now  the  greater  of  the  two. 
This  appears  perhaps  most  clearly  from  the  consideration  that  this 
case  more  nearly  resembles,  than  do  the  preceding,  that  of  an  elastic 
particle  rebounding  between  two  fixed  walls,  in  which  case  the  mean 
potential  energy  vanishe§,  and  the  mean  kinetic  energy  is  the  total 
energy.  Hence,  it  appears  that  when  (8)  is  the  law  of  force  the  ratio 
of  the  mean  kinetic  energy  to  the  total  energy  is  greater  than  one-half, 
and  increases  with  the  amplitude  of  the  vibration.  This  is  true 
not  only  for  the  law  of  force  expressed  by  (8),  but  for  any  law  which 
is  represented  by  a  curve  passing  through  the  origin  tangent  to  (7), 
and  falling  on  the  same  side  of  (7)  as  (8)  falls. 

From  similar  considerations  it  aj)pears  that  whenever  the  curve 
expressing  the  law  of  force  passes  through  the  origin  and  is  tangent  at 
that  point  to  (7),  and  falls  on  the  same  side  of  (7)  as  does  (6),  the  mean 
kinetic  energy  of  vibration  will  be  less  than  half  the  total  energy. 
Since  in  (8)  the  force  of  restitution  becomes  infinite  at  both  -\-  ^  r: 
and  —  ^  7i.  the  oscillation  is  confined  within  those  limits. 

I^et  us  now  further  suj)pose  a  law  of  force  which  will  give  a  curve 
not  having  a  point  of  inflection  at  the  origin  as  does  (6)  or  (8),  but 
nevertheless  tangent  to  (7)  at  that  point. 

Such  a  law  is  given  by  the  equation 

y  =  e  -*''°  ^  sin  x,  (9) 
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if  we  take  only  that  part  of  it  lying  between  x  =  -\-  ^  7t  and  x=  —  ^  t:. 
On  the  negative  side  of  the  origin  the  curve  somewhat  resembles  (8), 
while  on  the  positive  side,  after  reaching  a  maximum  value  of  y  at  a 
point  a  little  beyond  x  =  ^  -,  the  curve  rapidly  approaches  the  axis 
of  X,  and  the  force  vanishes  at  x  =  ^  tt.  This  is  in  effect  a  combina- 
tion of  the  two  previous  cases,  and  corresponds  evidently  to  the  case 
of  the  molecules  of  a  solid  or  fluid  held  at  mean  distances  from  each 
other  which  are  fixed  at  a  given  temperature. 

During  one, part  of  the  vibration  the  mean  kinetic  energy  is  more 
than  half  the  total  energy,  as  has  been  just  now  shown,  while  during 
the  other  half  the  mean  kinetic  energy  is  less  than  half  that  amount. 
It  will  depend  upon  the  precise  relation  between  the  two  parts  of  the 
curve  what  the  effect  is  on  the  whole.  But  it  is  perfectly  evident  that 
for  large  amplitudes  the  whole  effect  Avill  be  of  the  same  character  as 
if  both  parts  were  of  th?  kind  expressed  by  (6),  and  the  mean  kinetic 
energy  is  then  less  than  half  the  total.  But  it  is  to  be  noticed  that 
lor  certain  amplitudes  which  are  not  too  large  the  contrary  effect  is 
quite  possible,  and  the  mean  kinetic  energy  will  be  less  than  half  the 
total  energy.  This  is  the  kinetic  explanation  of  the  fact  first  estab- 
lished by  Rowland,*  that  the  specific  heat  of  water  slightly  decreases 
as  the  temperature  rises,  from  0°  C  to  about  30°  C.  A  similar  phe- 
nomenon has  been  observed  in  case  of  mercury. 

But  the  most  important  conclusion  which  flows  from  the  fact  that 
the  mean  kinetic  energy  decreases  with  the  amplitude  is  that  m  this 
kind  of  vibration  also,  there  is  a  maximum  value  of  the  mean  kinetic 
energy  which  cannot  be  increased  by  increasing  the  displacement 
unless  the  molecules  be  carried  beyond  the  range  of  their  mutual 
attractions.  This  is  what  occurs  in  vaporization  with  the  resulting 
change  of  volume,  and  a  large  increase  of  the  potential  energy  without 
incrciisc  of  the  mean  kinetic  energy. 

As  was  shown  in  connection  with  the  discussion  of  the  oscillation  of 
the  pendulum,  the  character  of  the  oscillation  is  unchanged  when  the 
value  of  x  in  (6)  lies  between  +  tz  and  —  tz,  but  entirely  changes  its 
character  and  becomes  revolution  if  those  limits  are  exceeded. 

When  the  law  of  force  is  expressed  by  (7),  the  character  of  the 

*0n  the  Mecli.  Eijuivalont  of  Heat,  with  subsiiUary  Researches  on  the 
Variation  of  tlie  Mercurial  from  the  Air  Thermometer,  and  on  the  Varm- 
tion  of  the  Sp.  Heat  of  Water.  Reprinted  from  the  Proc.  Am.  Acad.  Arts 
and  Sciences,  Cambridge,  18S0. 


14  Kinetic  Theory  of  Solids  and  Liquids.     [Jour.  Frank.  Inst., 

vibration  is  unchanged,  however  great  the  amplitude  of  the  displace- 
ment ;  and  similarly  in  case  the  law  of  force  is  that  expressed  by  (8), 
the  general  character  of  the  vibration  cannot  be  changed,  however 
large  the  total  energy  imparted  to  the  vibrating  particle,  and  in  this 
case  the  amplitude  of  the  vibration  evidently  cannot  under  any  circum- 
stances be  increased  beyond  |  ;r,  but  x  must  always  lie  between  +  J  tt 
and  —  I  TT,  so  that  as  the  amplitude  approaches  these  limits,  the 
motion  resembles  more  and  more  that  of  an  elastic  particle  rebounding 
between  a  pair  of  immovable  parallel  walls  at  a  distance  tz  from  each 
other. 

When,  however,  the  law  of  force  is  that  expressed  by  (9),  the 
amplitude  of  the  vibration  cannot  exceed  —  |  tt  in  one  direction  under 
any  circumstances,  but  in  the  other  direction  the  amplitude  cannot 
exceed  +  |  :r  without  a  change  from  vibration  to  free  motion. 

The  phenomena  to  be  represented  show  that  the  same  general  rela- 
tion holds  for  any  law  of  force  of  which  the  curve  has  the  general 
characteristics  of  (9),  such  as,  for  example,  that  part  at  the  right  of 
the  origin  of  the  curve 

y  =  ax'"^  —  bx~^  (10) 

in  which  y  is  the  force  and  x  the  distance  between  the  molecules. 
Such  a  curve  as  (10)  must  represent  the  facts  of  nature  more  accu- 
rately  than    the   relation   between   them  proposed  by   Maxwell,  and 

expressed  by  the  equation 

y  =  _l,x-'  (11) 

which  was  taken  by  him  to  express  the  force  acting  during  an  en- 
counter. But  the  law  of  force  daring  an  encounter  cannot  be  supposed 
to  differ  from  that  existing  during  any  state  of  nearness  of  the  molecules, 
so  that  (11)  is  to  be  regarded  merely  as  an  approximate  expression  for 
a  law  like  that  of  (9)  or  (10),  in  which  the  part  of  the  ordinate  of  the 
curve  expressing  the  attraction  of  the  molecules  is  neglected.  It  must 
be  noticed  that  the  origin  in  (10)  and  (11)  is  differently  situated  from 
that  in  (9),  as  will  be  seen  u])on  sketching  the  curve.  The  line  x  = 
—  |7r  in  (9)  is  that  taken  as  the  axis  of  y  in  (10)  and  (11). 

Having  now  considered  in  general  the  nature  of  the  change  which 
occurs  in  the  molecular  motion  during  vaporization,  a  somewhat  closer 
consideration  will  enable  us  to  see  the  remarkable  mechanical  signifi- 
cance of  the  so-called  critical  temperature,  as  well  as  that  of  ebullition. 
In  ordinary  evaporation  into  the  atmosphere,  without  ebullition  only 
those  molecules  escape  from  the  surface,  whose  kinetic  energy  is  such  as 
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to  enable  them  to  overcome  coliesion,  aud  only  so  many  can  escape  as  will 
enable  the  vapor  to  fulfill  approximately  the  law  of  Gay  Lussac.  The 
l)rocess  by  which  the  vapor  tension  in  this  case  acquires  its  maximum 
value,  is  one  whose  velocity  is  regulated  by  the  laws  of  gaseous  diffu- 
sion, when  the  vapor  tension  is  less  than  the  atmospheric  pressure. 
But  when  the  temperature  rises  to  such  a  degree  that  the  mean  kinetic 
energy  of  the  molecules  (which  according  to  our  theory  may  be  the 
same  in  both  liquid  and  vapor)  is  greater  than  that  of  the  superincum- 
bent atmosphere,  the  vapor  no  longer  merely  diffuses  from  the  surface, 
but  is  able  mechanically  to  push  back  the  atmosphere,  or  other 
pressure,  to  which  it  is  subjected,  and  ebullition  takes  place.  Even  in 
the  case  of  ebullition,  however,  only  part  of  the  molecules  are  able  to 
free  themselves  from  the  force  of  cohesion,  namely,  those  molecules 
which  happen  to  have  a  kinetic  energy  so  far  above  the  mean  as  to 
carry  them  out  of  the  range  of  the  force  of  cohesion,  and  enable  them 
to  push  back  the  superincumbent  pressure.  If,  however,  the  tempera- 
ture be  still  further  increased,  a  point  must  at  last  be  reached,  whatever 
be  the  volume  and  consequent  pressure,  such  that  the  mean  kinetic 
energy  is  greater  than  the  maximum  possible  in  the  liquid  state.  The 
liquid  must  then  become  a  gas  without  regard  to  volume  or  pressure. 
The  temperature  at  which  this  occurs  is  the  critical  temperature  for  the 
liquid  considered. 

Tiiere  are  then  three  kinds  of  vaporization  possible,  evaporation, 
ebullition,  and  gasification. 

There  appears,  however,  to  be  only  one  kind  of  liquefaction,  (melt- 
ing) which  is  most  nearly  analogous  to  gasification,  and  without 
further  reasoning  it  will  aj)pear  that  for  those  substances  whose  melt- 
ing point  is  lowered  by  pressure  there  must  be  a  critical  temperature 
of  melting  al)ove  which  the  body  will  be  liquid,  whatever  be  the 
pressure,  /.  e.  no  pressure  can  lower  the  inciting  point  beyond  a 
certain  amount  dependent  upon  the  constitution  of  the  body. 

The  results  of  these  views  as  to  the  mechanics  of  liquefaction  and 
vaporization  are  in  general  accordance  with  the  hypothesis  of  Clausius,* 
who  supposes  that  the  mean  kinetic  energy  or  "real  specific  heat"  does 
not  depend  upon  the  state  of  aggregation  of  the  l)ody,  and  they  are  in 
exa<;t  accordance  in  this  particular  that  the  mean  kinetic  energy  need 
not  be  changed  by  cliange  of  state  from  solid  (o  liquid  or  from  li(|uid 


*  PhU08.  Mag.  Series  [4],  24,  1863. 
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to  gas.  But  whether  the  translatoiy  motion  of  the  molecules  is  the 
direct  physical  cause  of  radiant  heat  is  still  an  open  question  which 
we  shall  discuss  more  at  length  in  another  place,  where  we  shall  also 
take  occasion  to  discuss  the  relation  between  the  specific  heats  of  a 
body  in  its  different  states  of  aggregation,  solid,   liquid  and  gaseous. 

There  is,  however,  one  point  which  may  perhaps  be  well  considered 
in  this  connection,  and  that  is  the  explanation  of  the  very  large  specific 
heat  of  liquids,  compared  with  the  same  substances  in  the  solid  or  gaseous 
state.  This  appeal's  to  be  very  probably  due  to  the  effects  of  the 
centrifugal  force  developed  in  the  freely  rotating  molecules.  The  law 
of  most  probable  distribution  of  rotary  velocities  shows  that  although 
the  larger  number  of  molecules  are  rotating  with  a  velocity  whose 
square  is  near  the  mean,  yet  all  other  velocities  also  exist,  and  among 
them  very  great  ones. 

Those  rotary  velocities  which  are  sufficiently  great  will  dissociate 
the  atoms  of  the  rotating  molecules  from  each  other,  and  the  energy 
of  rotation  being  expended  against  atomic  forces  will  become  potential 
and  will  not  again  become  an  available  part  of  the  kinetic  energy 
until  the  atoms  so  separated  meet  others  with  which  they  can  reasso- 
ciate  into  molecules.  A  certain  small  per  cent,  of  the  total  mass  of 
the  liquid  must  continually  be  thus  dissociated  in  order  that  atoms 
may  meet  sufficiently  frequently  so  that  reassociation  may  be  possible, 
and  a  uniform  condition  exist,  in  which  as  much  reassociation  happens 
as  dissociation.  This  quantity  must  increase  with  the  temperature,  and 
the  energy  thus  employed  is  apparently  the  reason  of  the  high  specific 
heat  of  liquids.  In  electrolysis  these  dissociated  molecules  are  mechan- 
ically separated  from  the  others,  and  to  keep  up  the  per  cent,  of  disso- 
ciation a  new  supply  is  required  for  which  energy  must  be  supplied, 
just  as  it  must  be  to  preserve  the  temperature  of  a  fluid  from  whose 
surface  vapor  is  constantly  being  removed.  A  somewhat  analogous 
phenomenon  occurs  in  vaporization,  but  as  it  only  can  occur  ordinarily 
at  the  surface,  the  analogy  has  been  overlooked.  A  liquid  gives  off 
vapor  at  temperatures  below  boiling.  According  to  the  theory  broached 
in  this  paper,  only  those  molecules  pass  beyond  the  range  of  the  cohe- 
sive forces  whose  kinetic  energy  is  sufficiently  above  the  mean  to  enable 
them  overcome  the  cohesive  force  and  have  still  remaining  on  the  ave- 
rage an  amount  of  kinetic  energy  equal  to  the  mean. 

But  this  can  oidy  occur  at  the  surface,  for  inside  the  mass  of  the 
fluid  such  molecules  are  entangled  and  soon  lo.se  this  superfluous  energy 
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in  encounters  with  other  molecules.  We  may  perhaps  put  the  com- 
parison in  a  clearer  light  by  supposing  a  liquid,  in  which  no  such  dis- 
sociation occurs,  such  as  mercury  probably  is,  and  let  it  be  in  connec- 
tion with  a  large  closed  space  which  is  filled  with  the  vapor  of  the 
liquid  at  its  maximum  tension.  Now  raise  the  temperature  of  the  fluid 
and  wait  until  the  vapor  in  the  closed  space  has  reached  the  tension 
corresponding  to  this  temperature.  The  heat  supplied  is  partly  em- 
ployed in  increasing  the  kinetic  energy,  and  partly  in  vaporizing  a  por- 
tion of  the  liquid,  and  is  much  larger  in  amount  than  would  be  re- 
quired if  there  was  no  vaporization.  In  a  quite  analogous  manner,  the 
heat  energy  necessary  to  raise  the  temperature  of  water  would  proba- 
bly be  much  less  were  there  no  dissociation  accompanying  the  increase 
of  temperature. 

It  ai)pears  from  experiment  tliat  the  specific  heat  of  mercury  is  nearly 
the  same  in  its  solid  and  liquid  states  as  it  should  be  in  case  its  mole- 
cules are  monatomic  in  both  states.  It  would  be  of  great  interest  to 
know  whether  the  specific  heat  of  mercury  gas  has  also  the  same  value. 
It  is  noticeable  that  the  latent  heat  of  liquifaction  of  mercury  is  ex- 
tremely small,  which  would  lead  to  the  hypothesis  that  the  atoms  of 
mercury  are  very  nearly  round  and  smooth,  and  that  the  rotary  energy 
of  a  molecule  of  mercury  but  a  very  small  fraction  of  its  total  kinetic 
energy. 

Cadmium,  which  is  monatomic  as  a  gas,  would  also  furnish  an  inter- 
esting test  of  the  theory,  for  it  is  not  likely  that  the  molecule  of  a  sub- 
stance greatly  changes  its  character  by  change  of  state.  Dissociation  of 
the  atoms  of  a  molecule  is  evidently  due  to  the  motion  of  atoms  away 
from  each  other.  It  is  yet  a  question  as  to  whether  such  oscillations 
can  be  caused  in  the  atoms  of  a  molecule  as  to  absorb  an  apjireciable 
amount  of  energy,  or  of  such  intensity  that  they  can  be  caused  to  rotate. 
If  such  rotations  are  ever  caused  within  the  molecide  itself,  they  proba- 
bly oc(;ur  at  temperatures  far  above  vaporization. 

The  conclusions  to  be  drawn  from  the  specific  heats  of  elementary 
substances  whose  molecules  consist  of  but  two  like  atoms  are  in  general 
confirmatory  of  the  theory  propose<l  in  this  paper,  for  the  amount  of 
rotary  energy  for  such  substjinces  should  be  a  less  fraction  of  the  total 
energy  than  in  bodies  consisting  of  a  larger  number  of  atoms,  and  the 
per  cent,  of  dissociation  siiould  also  be  less.  Now,  in  fact,  for  such 
bodies  the  specific  lieat  in  the  liquid  state  does  not,  in  general,  greatly 
exceed  that  in  the  solid. 
Whole  No.  Vol.  CXVI.— (Third  Series,  Vol.  Ixxxvi.)  2 
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ABSTRACT   OF   PAPER  ON  THE  COMPARISON  OF 
INDICATOR  RIGS. 


By  Robert  Grimshaw. 

[Read  before  the  Franklin  Institute,  May  18, 18S3.] 


Correct  instruments  may  be  applied  and  used  in  wrong  ways,  and 
give  incorrect  results. 

The  steam  engine  indicator  is  frequently  so  applied  and  used ;  the 
devices  employed  to  reduce  the  motion  of  the  crosshead  often  causing 
great  errors  in  the  diagram. 

Among  the  methods  we  may  consider 

(1)  Cord  attachment  from  a  pin  in  the  end  of  the  shaft  or  side  of 
crank,  direct  to  the  paper  barrel. 

(2)  Cord  from  a  swinging  lever  slotted  to  receive  a  pin  in  the  cross- 
head. 

(3)  Cord  from  a  swinging  lever  connected  with  the  crosshead  by  a 
vibrating  link. 

(4)  Cord  from  a  swinging  lever  attached  to  the  crosshead ;  the  pivot 
of  this  lever  vibrating  at  the  end  of  a  swinging  link. 

(5)  The  reducing  wheel. 

(6)  Pantograph. 

(7)  "  Lazy  Tongs." 

In  devices  2  and  3,  which  are  the  most  commonly  used,  the  cord 
may  be  either 

(a)  Attached  directly  to  the  lever. 

(6)  Wrapped  around  a  circular  arc  or  sector  centered  in  the  pivot 
of  the  pendulum. 

No.  1  is  irrevocably  tainted  with  the  angularity  of  the  connecting- 
rod,  compounded  with  that  of  the  cord.  It  always  gives  less  than  J 
the  diagram-length,  for  the  first  quarter  of  the  out-stroke  of  the  piston; 
and  gives  longer  cards  on  an  indicator  at  the  back  end  than  at  the  crank 
end.  The  shorter  the  connecting-rod  and  cord,  for  a  given  stroke,  the 
greater  the  errors. 

(2)  The  slotted  lever  gives  absolutely  correct  results  when  at  mid- 
stroke,  it  is  perpendicular  to  the  crosshead  path,  and  when, 

(a)  The  cord  gets  its  motion  from  a  pin  which  is  driven  by  a  radial 
slot  centered  in  the  pivot  of  the  lever,  and  perpendicular  to  the  cord  at 
mid  stroke. 
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(6)  With  long  cord  attached  directly  to  the  lever  the  results  are  prac- 
tically correct,  provided  that  the  "dip"  of  the  cord  is  divided,  and  the 
cord  is  led  oiF  so  that  at  mid-stroke  it  makes  a  right  angle  with  the 
radial  line  from  its  attachment  to  the  pivot. 

(c)  AVith  a  long  cord  wrapped  around  a  circular  arc,  centered  in  the 
pivot,  the  results  are  practically  correct,  no  matter  how  the  cord  is  led 
off. 

This  theoretical,  but  practically  immeasurable  error,  gives  equal  cord 
lengths  for  both  halves  of  the  stroke,  but  the  end  quarters  give  some- 
what longer  card  lengths  than  the  central  quarters.  The  error  de- 
creases with  the  total  angles  of  lever  and  cord  swing. 

Fig.  1. 


Motion  of  Usual  Pendulum  and  Link. 

(3)  The  lever  witli  fixed  pivot,  and  linked  to  the  crosshead,  gives 
quite  good  results  when  properly  applied,  although  not  so  accurate  as 
a  double-slotted  lever  of  the  same  length. 

At  mid-stroke  it  should  be  vertical,  and  the  link  sufficiently  below 
the  cro.s.shead  attachment  to  divide  the  dip. 

Remarks  b  and  c  concerning  the  cord  attachment  to  the  .slotted  lever 
apply  to  this  rig.  As  in  the  latter  rig  also,  the  longer  the  lever,  and 
the  cord  between  lever  and  guide  pulley,  the  more  accurate  the  results. 

Fig.  1  is  reduced  from  a  carefully  made  plotting,  full  size,  of  the 
motion  of  a  rig  with  levers  36  and  24"  long.  The  vertical  line  rep- 
resents the  i)osition  of  the  pendulum  at  mid-stroke.     The  dip  of  the 
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link  was  divided  at  this  position.  Four  different  cord  angles  gave  as 
many  varying  results.  When  the  angle  of  cord  vibration  was  divided 
and  the  guide  pulley  placed  at  the  point  GP  on  the  second  horizontal 
line  parallel  to  the  crosshead  path,  the  error  in  a  4"  card  was  hardly 
measurable.  Circular  arcs  swept  from  the  upper  point  GP,  from  the 
})oints  indicating  successive  positions  of  the  point  of  cord  attachment^ 
show  that  with  this  position  of  guide  pulley  the  first  quarter  of  the 
forward  piston  stroke  gives  more,  and  the  last  quarter  less,  than  a 
quarter  of  the  card  length,  this  being  reversed  on  the  back  stroke. 

Carrying  the  guide  pulley  below  the  line  of  divided  cord  vibration^ 
the  errors  of  card  length  are  exactly  the  opposite  of  those  made  with 
the  guide  pulley  above  the  line  of  divided  cord  vibration. 

Fig.  2  shows  in  dotted  lines  the  result  of  putting  the  guide  pulley 
even  so  little  below  the  line  of  divided  cord  vibration  as  the  bottom  of 


Fig.  2. 


False  Dia^i^ms  taken  by  Usual  Pendulum  and  Link. 

the  arc  described  by  the  cord  attachment.  The  correct  cards  for  the 
plotted  amount  of  clearance  and  points  of  cut-off  and  compression  are 
in  full  lines. 

(4)  The  pendulum  with  swinging  centre  is  probably  the  most  erro- 
neous used  or  proposed.  Fortunately  it  is  not  a  usual  rig.  It  does 
not  permit  of  the  use  of  a  circular  sector  for  cord  attachment,  nor  can 
the  cord  be  attached,  as  in  where  the  pendulum  pivot  is  stationary, 
anywhere  but  in  the  line  of  centers  of  the  long  lever;  thus  losing  one 
of  the  main  advantages  of  fixed  centre  levers,  the  dispensing  with  a 
guide  pulley. 

The  point  of  cord  attachment  describes  a  mixed  curve  which  is 
neither  regular  i  or  syiniii(!trical,  one  limb  being  variably  convex,  and 
part  of  the  other  being  decreasingly  convex  and  then  increasingly 
concave. 
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With  tho  lever  plumb  at  mid-stroke,  the  "  dip,"  or  versed  sine  of 
the  swing  of  both  lev^ers  divided  at  mid-stroke,  and  the  cord  running 
off  parallel  to  the  crosshead  path,  tiie  results,  while  not  so  correct  as 
those  from  the  other  lever  rigs,  and  not  accurate  enough  to  set  valves 
by,  Avill  do  to  give  a  general  idea  of  engine  performance  and  an 
approximation  as  to  horse-power. 

The  greater  the  angular  vibration  of  pendulum,  link  and  cord,  and 
the  greater  the  angle  made  by  the  cord  with  the  path  of  the  crosshead, 
particularly  where  the  cord  makes  an  acute  angle  with  the  radius 
between  cord  attachment  and  swinging  centre,  the  greater  the  error. 

This  tendency  to  error  is  so  great,  that  some  cord  angles  likely  to 

Fig.  3. 


Motion  of  Lever  with  Vibrating  Pivot. 

be  chosen  by  any  one  not  thoroughly  conversant  with  the  errors  of 
tliis  rig,  actually  give  a  negative  movement  to  the  paper  drum, 
during  the  first  portions  of  the  outstroke ;  so  that  for  an  engine  with  a 
lazy  steam  valve  the  admi.ssion  line  would  appear  as  compression  to 
initial  pressure,  and  with  cut-off  at  Jg-  .stroke  the  diagram  would  com- 
mence with  tiie  expansion  curve  and  have  two  vaciuim  loops  .so  large 
as  to  prove  the  engine  to  be  driven  by  the  main  l)eh  and  pumping 
into  the  boiler. 

Fig.  3  is  a  photo  reduction  from  a  [jlolting  made  with  scrupulous 
care,  with  a  30"  pendulum  swinging  on  a  24"  link,  the  "dip"  or 
versine  of  tlie  latter  being  divi<led  by  the  vertical  line,  which  represents 
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position  at  raid-stroke.  The  curved  trace  was  made  by  inserting  a 
pencil  point  in  the  hole  for  cord  attachment;  the  line  being  the 
"raised  curve"  referred  to  in  a  previous  paragraph.  The  nine  small 
circles  on  this  curve  show  the  successive  positions  of  the  cord  attach- 
ment at  equidistant  portions  of  the  piston  stroke.  With  the  angle  of 
cord  vibration  divided,  the  error  on  a  4"  card  is  measurable,  but  not 
serious  for  rough  calculations  of  horse-povver,  though  sufficient  to 
throw  the  cards  out  for  plotting  true  theoretical  expansion  curves. 
The  slightest  variation  from  this  height  of  guide  pulley  produces  an 
error  so  great  as  to  vitiate  any  cards  with  early  cut  off,  even  for  horse- 
power calculation. 

With  the  guide  pulley  much  above  the  line  of  divided  card  vibration^ 
as  shown  in  the  diagram,  there  is  produced  the  astounding  result 
referred  to  in  a  preceding  paragraph  : — During  the  first  eighth  of  a. 

Fig.  4. 


False  Diagram  by  Lever  with  Swinging  Pivot. 

forward  stroke  the  cord  slacks,  and  is  not  again  tightened  until  the- 
end  of  the  third  eighth  of  the  stroke.  The  positions  of  the  point  or 
cord  attachment  at  successive  eighths  of  the  forward  stroke  are  shown 
in  Fig.  3 ;  while  in  Fig.  4,  the  dotted  lines  show  the  false  cord  which 
would  be  produced  with  60  lbs.  absolute  initial  pressure,  and  cut  off 
at  \  stroke  (clearance  and  compression  being  as  shown  in  the  correct 
theoretical  diagram  hatched  in  full  lines).  The  numbers  0,  3,  6,  etc., 
on  the  lower  line  indicate  correctly  successive  piston  positions ; 
the  same  numbers  on  the  upper  line  showing  where  the  piston  would 
be  represented  to  be,  by  the  rig  shown. 

(5)  The  reducing  wheel  gives  absolutely  correct  results  when  pro- 
perly applied,  which  is  seldom  the  case.  The  cord  should  be  led  from 
an  offset  from  the  crosshead,  so  that  it  will,  at  all  piston  positions,  bfr 


July,  1883.] 


Comparison  of  Indicator  Rigs. 


23 


absolutely  parallel  to  the  piston  rod.  AVlieii  it  makes  an  angle  with 
the  rod,  it  gives  a  shorter  card  than  due  to  the  stroke,  but  not  only 
that,  the  card  for  any  given  fraction  of  the  out-stroke  is  shorter  than 
that  for  the  succeeding  one. 

These  errors  being  due  to  the  decreasing  angle  of  the  cord  as  the 
piston  advances,  it  follows  that  if  the  indicator  is  screwed  into  first  one 
end  of  the  cylinder  and  then  the  other,  the  diagram  from  the  crank 
end  will  be  not  only  shorter  than  that  from  the  back,  but  more  dis- 
torted ;  and  that  the  further  the  wheel  is  from  the  central  line  of  the 

Fig.  5. 


Motion  witli  Wrongly  Applied  Reducing  Wheel. 
Fig.  6. 


False  Diagrams  taken  by  Reducing  Wheel. 

engine,  and  the  nearer  the  crosshcad  attacIiiiKMit  to  that  same  axis,  the 
greater  the  error. 

False  cards  by  this  rig  always  show  the  cut-off  too  early  and  horse- 
power too  low  on  the  out-stroke,  and  the  reverse  on  the  return. 

In  Fig.  5  there  are  plotted  eight  ecpial  successive  [jortions  of  a  24'' 
forward  piston  stroke,  and  a  4"  reducing  wheel  wrongly  applied. 
The  angles  made  by  tiie  tiingents  r('|)resentitig  the  successive  positions 
of  cord,  are  greatest  for  the  earlier  ecpial  portions  of  the  outward  stroke; 
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so  that  instead  of  correct  diagrams  like  the  full  lines  in  Fig.  6,  three 
are  taken  such  as  are  shown  by  the  dotted  lines ;  the  right  hand  card 
being  from  the  back  end. 

(6)  The  pantograph  can  be  made  to  give  perfect  cards,  the  only 
danger  being  in  oblique  cord  connections. 

(7)  The  same  remarks  apply  to  the  lazy  tongs;  but  in  this  there  appear 
two  special  sources  of  error  :  lost  motion  in  a  multiplicity  of  joints, 
and  springing  of  the  frame  at  high  speeds,  prolonging  the  card  at  the 
two  ends,  hence  making  cut-off  apj^ear  too  early  and  horse-power  too 
low. 

In  all  cases,  the  cord  should  be  light  and  non-stretchable.  Braided 
cord  is  best,  if  cord  is  to  be  used;  piano  wire  is  better,  and  absolutely 
prevents  the  objectionable  use  of  a  guide  pulley. 

[Since  preparing  this  paper,  Mr.  B.  F.  Teal  has  submitted  a  model 
of  a  method  of  reducing  the  crosshead  motion  by  differential  pulleys 
carried  on  the  crosshead,  and  giving  the  paper-drum  positive  motion 
on  each  stroke.] 

The  results  of  my  investigations  and  tests  are,  that  for  accurate 
results  at  high  speeds,  the  slotted  lever  is  by  far  the  best  rig,  from  its 
simplicit}^,  cheapness,  ease  of  attachment  while  engine  is  running,  lack 
of  spring,  direct  cord  connection,  and  adaptability  to  various  lengths  of 
stroke  and  position  of  indicator. 

[Before  this  abstract  was  in  type,  the  appearance  of  a  lengthy  mathe- 
matical discussion  of  this  question  in  a  well-known  magazine,  by  a  gentle- 
man who  commenced  a  discussion  of  the  paper  itself  at  the  meeting  at 
which  it  was  presented,  renders  it  necessary  for  the  writer  to  add  to  the 
abstract  a  memorandum  of  the  manner  in  which  the  tests  and  measure- 
ments were  made. 

Hard  wood  pendulums  and  links  were  made,  with  tlie  pivot  centres 
accurately  laid  down,  drilled  S(]uarely  with  a  j^th  twist  drill,  and  their 
distances  carefully  measured.  Scribe  lines  were  drawn  and  carefully 
drilled  iii  the  same  manner  to  mark  successive  eighths  of  24'^  piston 
strokes.  With  a  tested  T  square,  the  mid-stroke  positions  of  the  levers 
were  laid  down  previous  to  drilling  the  centres  for  piston  position  holes. 
The  levers  were  then  accurately  centred,  and  the  point  of  cord  attachment 
drilled  for  a  metal-marking  point  which  should  not  only  make  a  trace  of 
the  entire  motion-curve  of  the  point  of  cord  attachment,  but  would  i^rick 
the  i>ositions  of  that  point  at  each  piston  position.  The  distances  from 
guide  jjulleys  were  transferred  by  stiff  trammels,  and  the  card  lengths 
measured  to  hundredths  of  an  inch  as  well  as  graphically  recorded. 

In  addition  to  the  graphical  tests  and  proofs  made  by  the  levers  them- 
selves, full-sized  diagrams' were  made  with  a  hard  pencil,  and  these  were 
measured  to  check  the  graphical  records. 
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In  still  further  corroboration,  an  indicator  was  clamped  to  the  drawing- 
board  in  various  positions,  and  the  successive  eighths  of  piston  stroke 
recorded  on  the  usual  jiaper  card  by  direct  cord  attachment  to  the  levers. 

The  levers,  thus  connected  to  the  indicator,  were  shown  at  the  Insti- 
tute meeting,  and  cards  from  the  "swinging-pivot"  lever  were  taken  by 
the  author,  and  handed  out  at  the  meeting,  corroborating  those  portions  of 
the  paper  wliich  referred  to  that  rig.  After  the  meeting,  the  writer  ottered 
the  indicator  to  the  member  who  upheld  that  rig,  if  he  would  either  take  a 
correct  card  with  that  rig,  or  disprove  the  methods  and  measurements 
there  offered.    The  author  still  owns  the  indicator. 

The  writer's  measurements,  particularly  those  of  the  swinging-pivot 
lever  rig,  were  checked  by  skilled  engineers  and  draftsmen  in  various 
parts  of  the  country,  and  the  levers  and  board  are  on  deposit  at  the  Frank- 
lin Institute,  for  the  convenience  of  those  who  may  wish  to  test  for  them- 
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Page  22,  third  line  from  top,  for  "raised  curve"  read  "reversed 
curve;"  on  fourteenth  line  from  top,  for  "a"  read  "the;"  on  tenth 
line  from  bottom,  for  "cord"  read  "card." 

Page  24,  first  line,  for  "three"  read  "  there." 

Page  25,  formula  should  read  :  "  Given,  a  =  6  ;  then,  a^  —  6^  =  ah 
—  6^•  (a+6)  {a  —  b)  =  b  {a  —  b);  a-\-b  =  b;  2  =  1."] 


was  used  for  four  days  witiiout  disturbing  the  mounting  and  Avas  em- 
ployed every  evening  to  produce  electric  light. —  C'omptes  Rcndus.      C. 

Magnetism  of  Rotation. — Tresca  has  reported  to  the  Frencli 
Academy  some  experiments  by  Selim  Lemstrom  upon  tiie  causes  of 
terrestrial  magnetism.  He  used  a  paper  tube  witii  two  concentric 
walls,  rotating  rapidly  around  a  cylincjer  of  soft  iron,  and  his  results 
confirmed  tlie  theories  of  Edlund  and  Chase,  which  explain  magnetic 
effects  by  athercal  movements.  The  experiments  were  substantially 
the  same  as  those  which  were  performed  In-  Cluuse  in  18<J4  and  1865, 
and  reported  in  the  ninth  and  tenth  volumes  of  the  Proceedings  of  the 
Ameri(mn  Philosophic;d  Society. — Compter  liendus.  C 
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IXYESTIGATIOX   OF   THE   CIRCUMSTAXCES  AFFECT- 
ING  THE   POTABILITY  OF   THE   SCHUYLKILL 
WATER  SUPPLY   IX   THE   MONTH   OF 
JANUARY,  1883. 


EXECUTED  UXDER  THE  AUTHORITY  OF  THE  BOARD  OF  EXPERTS 
AND  THE  CHIEF  ENGINEER  OF  THE  "WATER  DEPARTMENT  OF 
PHILADELPHIA,    BY    PROF.  ALBERT    R,  LEEDS,  PH.  D. 


LABORATORY    OF    CHEMISTRY. 

Stevens  Institute  of  Technology, 

Hoboken,  N.  J.,  February  20,  1883. 
To  Messrs.  Frederick  Graff,  J.  Yaughn  Merrick,  Members 
of  the  Board  of  Experts,  and  Colonel  "William  Ludlow,  Chief 
Engineer  of  the  Philadelphia  "Water  Department. 

Gentlemen  : — I  transmit  herewith  my  Report  containing  the  re- 
sults of  an  investigation  into  the  causes  affecting  the  potability  of  the 
Schuylkill  River  water,  during  the  month  of  January  of  the  present 
year.  It  should  be  premised  that  this  investigation  largely  excluded 
those  causes  which  could  be  determined  by  direct  observation,  such  as 
impurities  carried  into  the  river  by  surface  and  subsoil  drainage,  by 
sewers,  by  the  refuse  of  factories,  from  cesspools,  from  the  spent 
liquors  of  gas  works,  from  the  irruption  of  animal  matters  derived 
from  slaughter  houses,  etc.,  etc.,  and  was  principally  confined  to  the 
study  of  those  causes  which  might  be  discoverable  by  physical  and 
chemical  examination  of  the  waters  themselves. 

Though  this  restriction,  which  was  due  to  the  limited  scope  of  my 
official  instructions  is  much  to  be  regretted,  yet  it  necessitated  a  more 
thorough  search  within  the  narrow  field  of  laboratory  analysis  and 
experiment  open  to  me.  It  is  also  less  to  be  regretted  for  the  follow- 
ing reasons : 

The^irc^  of  the  principal  source  of  the  Philadelphia  water  supply, 
the  Schuylkill,  being  at  the  present  time  a  sewer  and  fa'^tory-polluted 
stream,  was  conceded.  It  was  also  well  established  that  the  actual 
potability  of  the  water  at  any  particular  season,  is  determined  : 

1st.  By  the  ratio  then  existing  between  the  volume  of  flow  and  the 
volume  and  character  of  polhiting  materials,  a  small  amount  of  con- 
tamination when  the  volume  of  water  is  at  a  miuimum,  possibly  dam- 
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aging  the  potability  far  more  tlian  the  maximum  amount  of  polkition 
existent  along  the  banks  of  the  Schuylkill,  when  its  flow  is  also  at  a 
maximum. 

2d.  By  the  relative  energy  of  tlie  agencies  (mostly  artificial)  at 
work  to  contaminate,  and  the  agencies  (almost,  if  not  entirely  natural) 
operating  to  purify  the  stream.  If  these  natural  agencies  are  in  full 
sway,  they  may  dispose  of  a  large  amount  of  impurities  and  bring 
the  water  back  into  such  a  condition  as  neither  to  affect  the  sense  of 
smell  or  taste,  or  exert  a  detrimental  effect  upon  health. 

There  are  ample  grounds  for  believing  that,  up  to  the  present  time 
at  least,  this  balance  of  opposing  forces  has  usually  inclined  to  the 
favorable  side  in  the  case  of  the  Schuylkill  water,  and  tliat  therefore 
it  has  been  entitled  to  be  ranked  as  a  wholesome  water  supply.  Similar 
conclusions  were  arrived  at  by  Professors  Booth  and  Garrett,  and  by 
Dr.  Charles  M.  Cresson,  in  their  elaborate  reports  appended  to  the 
"Report  of  the  Commission  of  Engineers  on  the  Water  Supply  of 
Philadelphia,  1875."  On  the  other  hand,  if  their  operation  is  least 
active  on  account  of  an  unpropitious  season  of  the  year,  or  stagnant 
conditions  of  the  water,  or  possibly  of  a  covering  of  ice,  they  may  be 
unable  to  dispose  of  a  small  quantity  of  polluting  material,  and  at 
such  a  time  the  water  supply  may  become  most  offensive. 

I  shall  not  anticipate,  however,  results  obtained  and  conclusions 
based  thereon,  but  shall  present  in  detail  the  work  actually  performed. 
This  may  be  most  concisely  done  under  the  five  following  heads : 

1st.  Collection  of  the  samples. 

2d.  Methods  of  analysis. 

3d.  Interpretation  of  the  data  obtained  by  analysis  and  experiment. 

4th.  Light  thrown  by  the  results  upon  the  origin  of  the  January 
taste  and  smell. 

5th.  Questions  relating  to  the  deterioration  of  the  water  supply. 

1.    COLLFXTION    OF   THE   SAMPLES. 

During  the  latter  part  of  the  period  when  the  water  was  in  its  most 
nauseous  conditions,  by  the  authority  of  the  Water  Commission  and 
Chief  Engineer,  Dr.  Wm.  H.  McFadden,  the  following  samples  were 
coUcK'ted  and  forwardo<l  to  me  for  analysis. 

I.  Schuylkill  river  at  Pottstown,  January  10,  1883.  (I^aboratory 
No.  226.) 

II.  Schuylkill  river  at  Roxborough,  Jamiary  10,  1883.  (Broken, 
in  transportation.) 
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III.  Schuylkill  river  at  Schuylkill  "Works,  January  9,  1883. 
(Broken  in  transportation.) 

IV.  Schuylkill  river  at  Xorristown  Works,  January  10,  1883. 
(Laboratory  Xo.  227.) 

V.  Schuylkill  river  at  Fairmount  Works,  January  9,  1883.  (Labo- 
ratory Xo.  228.) 

YI.  Schuylkill  river  at  Belmont  Works,  January  9,  1883. 
(Broken  in  transportation.) 

VII.  Schuylkill  river  at  Fairmount  Works,  Januar}'  13,  1883. 
(Laboratory  Xo.  229.) 

Subsequently,  being  desirous  that  my  investigation  should  extend 
beyond  the  determination  of  the  mere  fact  of  contamination,  and 
should  be  directed  to  the  discovery,  if  possible,  of  the  origin  of  the 
bad  taste  and  smell  on  this  particular  occasion,  the  Chief  Engineer 
desired  me  to  visit  the  Schuylkill  river  in  person,  aud  collect  such 
additional  samples  as  would  be  of  value. 

In  accordance  with  these  instructions,  January  19  and  20  were 
spent  upon  the  ice,  then  covering  the  river,  in  company  with  Assistant 
Engineer,  C.  G.  Darrach,  whose  aid  was  of  the  greatest  service  in 
carrying  out  the  proposed  line  of  inquiry. 

In  the  first  place  it  was  deemed  important  to  ascertain  whether 
there  was  a  difference  of  temperature  between  the  water  at  the  bottom 
of  the  river  and  at  its  surface,  or  rather  immediately  under  the  ice.  If 
such  proved  to  be  the  case,  there  would  be  a  corresponding  difference 
of  density,  and  possibly  a  difference  in  composition.  To  make  these 
determinations,  a  bottle,  containing  a  thermometer,  was  properly 
weighted  so  that  it  might  sink  in  a  vertical  position  until  the  bottom 
of  the  bottle  came  to  within  about  three  inches  from  the  bottom  of  the 
stream.  The  stopper  was  then  pulled  out,  and  after  filling,  the  bottle 
was  quickly  pulled  to  the  surface  and  the  temperature  noted.  The 
temperature  of  the  surface  samples  was  also  ol)served  whilst  the  ther- 
mometer was  immei'sed  in  the  bottle,  this  precaution  being  taken  to 
exclude  errors  arising  from  atmospheric  influence.  In  this  manner 
the  following  six  samples  were  obtained. 

SAMPLES   COLLECTED    IX    PERSON    .lANUARY    19    AND    20. 

No.  230  Surface  water,  Fairmount  Basin,  January  19. 
No.  237  Bottom  water,  Fairmount  Basin,  January  19. 
No.  233  Surface  water.  Spring  Garden  Basin,  January  19. 
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No.  232  Bottom  water,  Spring  Garden  Basin,  January  19. 
No.  235  Surface  water,  Roxborough  Basin,  January  20. 
No.  234  Bottom  water,  Roxborough  Basin,  January  20. 

The  observed  temperatures  were  as  stated ;  the  specific  gravities  at 
15°  were  subsequently  determined  with  great  care  in  tlie  laboratory, 
and  are  likewise  given. 


No. 

Temperature  Air. 

Temperature  Water. 

Specific  Gravity  at  59°  F. 

2:J0 

34° 

33°-2 

1-001468 

231 

34° 

33°-8 

1-001477 

233 

34° 

33°-4 

1-001471 

232 

34° 

33°-8 

1-001471 

236 

36° 

33°- 

Undetermined. 

234 

36° 

33°-4 

" 

Two  points  deserve  comment  with  regard  to  these  determinations : 

1.  The  average  density  of  the  Schuylkill  water  at  the  time  when 
the  samples  were  taken,  when  reduced  to  the  mean  temperature  of 
59°  F.,  was  very  approximately  1'00147,  and  inasmuch  as  the  volume 
of  pure  water,  according  to  Kopp,  diminishes  from  0*999966  to 
0-999947,  when  its  temperature  is  raised  from  33-4°  F.,  to  33°-8,  the 
density  of  the  bottom  sample.  No.  232,  at  the  time  it  was  collected, 
was  1-0022202,  while  that  of  the  surface  sample,  No.  233,  was 
1-0022081.  There  is  therefore  in  winter,  when  the  river  is  covered 
witli  ice,  a  current  of  colder  water  flowing  immediately  beneath  the 
ice,  and  another  current,  of  warmer  water,  but  of  greater  density  and 
probably  flowing  much  more  slowly,  at  the  bottom  of  the  stream. 

2.  The  temperature  of  the  water  in  the  Schuylkill  in  midwinter, 
and  when  the  river  had  been  for  some  time  entirely  covered  with  ice, 
was  about  one  Fahrenheit  degree  above  freezing  point  at  the  surface, 
and  about  1*4  above  freezing  point  at  the  bottom,  or  four-tenths  of  a 
degree  warmer. 

2.    METHODS   OF    ANALYSIS, 

Inasmuch  as  a  knowledge  of  the  methods  employed  is  essential  to 
the  proper  understanding  and  interpretation  of  the  analytical  results, 
it  is  necessary  to  state  briefly  what  these  methods  were. 
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FREE    AND   ALBUMINOID    AMMONIA. 

The  method  of  Wanklyn,  Chapman,  and  Smith,  performed  in 
accordance  with  certain  modifications  described  at  length  in  the  Zeit- 
schrift  fur  Analytische  Chemie,  xvii,  p.  276,  was  made  use  of.  These 
modifications  are,  in  brief,  the  employment  of  a  Color  Comparator, 
which  admits  of  the  comparison  of  the  test  with  the  standard  under 
conditions  most  favorable  to  accurate  comparison.  Secondly,  the  sub- 
stitution for  the  various  standard  solutions,  which  have  to  be  freshly 
prepared  for  each  analysis,  of  a  standard  wedge  graduated  once  for  all 
with  extreme  care.  This  wedge  can  be  used  for  months  without  its 
scale  undergoing  alteration,  and  its  employment  insures  uniformity 
between  the  results  of  analyses  performed  at  different  times,  and  greatly 
shortens  the  length  of  time  required  for  the  performance  of  long  series 
of  analyses. 

oxygen  required  to  oxidize  the  organic  matters,   or 
"required  oxygen." 

This  was  determined  by  potassium  permanganate  in  acidified  solu- 
tion, the  samples  being  plunged  for  exactly  10  minutes  in  water  at  98°. 
All  of  the  samples  were  treated  in  precisely  the  same  manner,  and  a 
correction  was  applied  to  each  result,  amounting  to  the  value  of  the 
alteration  of  the  reagent,  when  tested  upon  distilled  water  under 
identical  conditions.  After  many  unsuccessful  attempts  to  obtain  con- 
cordant results  by  this  method,  I  had  recourse  to  a  new  one,  devised 
during  the  course  of  this  investigation,  and  which  is  founded  upon  the 
reduction  of  silver  salts  in  solution  by  organic  matter  in  sun-light. 
This  is  not  the  proper  place  to  give  the  details  of  the  new  "  Actinic 
Method,"  nor  the  experiments  which  led  me  to  abandon  the  potassium 
permanganate  test,  the  publication  of  these  details  being  necessarily 
lefl  to  the  chemical  journals.  I  have  given,  .in  the  accompanying 
table,  the  results  obtained  by  the  use  of  potassium  permanganate  for 
samples  230  to  235,  and  by  the  Actinic  Method  for  same  samples. 
It  will  be  noted  that  the  figures  obtained  by  the  Actinic  are  higher 
than  those  obtained  by  the  Permanganate  process.  My  own  conclu- 
sions in  the  present  investigation  are  based  on  the  results  obtained  by 
the  former  method. 
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No. 

PERMANGANATE 

PROCESS. 

ACTINIC 

PROCE.SS. 

230 

0-18  parts  per  100,000. 

0-218  parts 

per  100,000. 

231 

0-19 

0-24-1 

233 

0-18 

0-299   ■ 

232 

0-18 

0-283 

235 

0-16 

0-206 

234 

■    0-16 

0-23] 

Nitrites. — The  nitrites  were  determined  bv  means  of  liydrochlorate 
of  naphthylaraine  and  sulphanilic  acid,  according  to  the  reaction  dis- 
covered by  Griess,  and  which  is  so  sensitive  that  it  permits  of  the  easy 
recognition  of  one  part  of  nitrous  acid  when  diffused  through  a  thousand 
million  parts  of  water.     They  were  calculated  as  nitrous  acid  (HNO'^). 

Nitrates. — These  were  determined  upon  a  deciliter  of  the  water,  after 
evaporation  to  dryness,  subsequent  heating  in  presence  of  lime,  reduc- 
tion in  the  cold  by  a  copper  zinc  couple,  and  comi)lete  distillation  of 
the  formed  ammonia.     They  were  calculated  as  nitric  acid  (HXO^). 

Total  Solids. — These  results  express  the  weights  of  the  residues 
obtained  by  the  evaporation  of  a  deciliter  and  drying  to  constant  weight 
at  100°C. ' 

Dissolved  Oxygen. — Tlie  number  of  cubic  centimeters  of  oxygen  dis- 
solved in  a  liter  of  water  was  determined  by  Mohr's  method,  which  is 
based  upon  the  relative  amounts  of  oxidation  of  protoxide  of  iron  to 
the  form  of  peroxide,  effected  by  the  various  volumes  of  oxygen  held 
in  solution. 

The  results  obtained  by  this  process  are  closely  concordant  among 
themselves,  and  whilst  they  do  not  possess  the  same  degree  of  absolute 
accuracy  as  those  obtainable  by  the  laborious  eudiometric  methods  of 
Bunsen,  yet,  Mohr's  method  has  the  great  advantage  that  it  admits  of 
the  determinations  being  made  upon  a  number  of  samples  before  sucii 
an  interval  has  elapsed,  that  the  constitution  of  the  water  and  dissolved 
gases  have  possibly  undergone  (■()nsiderai)le  change. 

Acidity  and  Alkalinity. — To  determine  whether  the  water  possessed 
an  acid  or  alkaline  reaction,  and  the  actual  amount  of  the  acidity  or 
alkalinitv  a.s  the  case  mi<;ht  be,  centinormal  standard  solutions  were 
employed  with  alizarine  and  phenolphthalein  as  indicators,  according 
to  the  method  given  in  the  Jour.  Amer.  Chem.  Soc,  ii,  p.  71. 
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3.    INTERPRETATION    OF    DATA     OBTAINED    BY   ANALYSIS     AND 

EXPERIMENT. 

During  the  entire  course  of  this  investigation,  one  great  object  was 
left  prominently  in  mind,  and  tlie  character  of  the  analytical  opera- 
tions performed  was  governed  entirely  by  considerations  as  to  what 
manner  of  analyses  and  experiments  would  throw  most  light  upon  the 
the  question :  Why  at  a  certain  particular  period  did  the  water  in  the 
Schuylkill  river  suddenly  become  unpahitable  ?  j\Iy  present  object  is 
to  discuss  seriatim  the  various  classes  of  analytical  results  obtained, 
and  to  endeavor  to  present  judicially  and  fairly  the  answers  Avhich 
these  various  classes  of  data  severally  give  to  the  above  questions. 

1.    THE   FREE    AND    ALBUMINOID    AMMONIA. 

The  information  supplied  by  these  determinations,  bears  especially 
upon  the  three  following  points : 

1.  The  amount  of  Free  Ammonia,  which  is  the  measure  principally 
of  that  portion  of  the  decomposable  nitrogenous  matter  that  has  already 
undergone  decomposition,  is  very  much  greater  in  all  the  samples 
(0-009  parts  in  100,000  to  0-02075  parts)  than  in  the  water  of  the 
Schuylkill  river,  June  24th,  1881  (0-001  part). 

2.  The  Albuminoid  Ammonia,  which  is  the  measure  of  that  portion 
of  the  nitrogenous  matter  as  yet  undecomposed,  but  ca})able  of  under- 
going decomposition,  is  large  (0-01175  parts  to  0-02375  parts).  At 
the  same  time  it  is  not  so  great  in  any  of  the  sam})les,  with  the  excep- 
tion of  the  one  taken  from  the  Fairmount  Forebay,  January  9th,  as  it 
was  in  the  Schuylkill  water,  June  24th,  1881.  Yet  this  last,  as  com- 
pared with  the  water  supplies  of  the  principal  cities  in  tlie  United 
States  at  that  date,  was  ranked  as  third  in  order  of  purity.  In  other 
words,  the  absolute  amount  of  decomposable  organic  matter  in  the 
Schuylkill  water,  at  the  time  when  it  acquired  its  nauseous  taste  and 
smell,  was  not  so  grciit  as  at  a  season  when  it  was  pahitable.  This 
statement  is  borne  out  by  the  other  analytic;d  datii,  and  I  thiidc  it  can 
be  justly  inferred  that  the  unpahitability  wjus  due  not  to  an  unusually 
large  amount  of  the  polluting  materials,  which  exist  at  all  times  to  a 
greater  or  less  extent  in  the  waters  of  the  Schuylkill,  but  to  some 
peculiarity  eitiier  in  their  character  or  in  the  nature  of  their  decom- 
position. 

3.  There  is  no  evidence,  as  will .  be  seen  farther  on,  of  any  peculi- 
Whole  No.  Vol.  CXVI.— (Third  Series,  Vol.  Ixxxvi.)  3 
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arity  in  the  organic  matter  itself,  which  would  account  for  the  taste  and 
smell.  There  is,  however,  a  very  striking  peculiarity  in  the  nature  of 
its  decomposition.  By  reference  to  the  table  of  analyses,  it  will  be  seen 
that  the  Free  Ammonia  exceeds  the  Albuminoid  in  almost  every  sample 
analysed.  That  this  is  anomalous,  will  be  seen  by  comparing  these 
analyses  with  those  of  the  various  city  waters  in  the  United  States, 
June  and  July,  1881.* 


Free  Ammonia. 
Parts  per  100,000, 


Albuminoid  Ainmonia. 
Parts  per  100,000. 


Philadelphia.. 

Boston 

New  York 

Brooklyn 


0.001 
0.013 
0.0027 
0.00075 


0.018 
0.061 
0.027 
0.008^ 


Ratio. 

1:18 
1:5 
1:10 
1:9 


This  point  is  still  more  strikingly  brought  out  by  the  series  of  analy- 
ses made  upon  34  samples  of  w^ater  collected  at  various  points  along 
the  Passaic  river,  from  a  point  above  the  interruption  of  the  sewage 
and  factory  refuse  of  Paterson,  to  a  point  below  the  lowest  sewers  of 
Xewark,  a  distance  of  20  miles. 

These  samples  were  all  collected  upon  the  same  day,  September  6th, 
1881,  when  ©wing  to  three  months  of  drought  no  water  had  gone  over 
the  dams  for  many  weeks,  and  the  water  had  become  very  offensive. 
But  in  the  eleven  samples  in  which  the  free  ammonia  exceeded  the 
albuminoid  ammonia,  this  excess  was  directly  connected  with  the  sewage 
of  manufacturing  towns  and  with  the  refuse  of  cotton,  paper  and  woolen 
mills,  and  of  dye-houses,  thrown  into  the  stream  at  points  in  proximity 
to  those  whence  these  samples  were  collected.  Above  these  factories, 
and  at  a  point  16  miles  below  them,  near  the  intake  of  the  Jer.sey  City 
Pumping  Station,  there  was  little  or  no  free  ammonia  in  the  stream. 
The  differences  are  made  plain  in  the  follow^iug  table : — 


Free  Ammonia. 
Parts  per  100,000. 

Albuminoid  Ammonia.       r„*„ 
Parts  per  100,000.             «ano. 

0-00 

0-2075 
0-0715 
0-0005 

0-021 
0-22.5 
0-0215 
0-026 

Tnfinifp 

Below  Paterson 

P.f-low  Passaic  tail-race 

Itol 
3-5  to  1 
1  to  52 

*For  complete  list,  see  Jour.  Amer.  Chem.  Soc. 
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Since  this  time,  during  a  period  of  eighteen  months,  there  has  never 
been  an  occasion  when  the  water  taken  monthly  at  the  Jersey  City  intake 
contained  as  much  free  ammonia  as  albuminoid  ammonia.  This  remark 
is  true  of  seasons  when  the  flow  of  water  being  at  its  minimum  and 
polluting  agencies  at  their  maxinuuu  efficiency ;  the  water  supply  was 
otherwise  adversely  reported  upon. 

In  36  analyses  of  waters  of  the  Brandy  v.  lue  river  and  certain  other 
streams  proposed  as  new  sources  of  water  supply,  which  I  made  in  the 
year  1882,  at  the  request  of  the  City  Councils  of  Wilmington,  Del., 
there  was  not  a  single  instance  in  which  the  free  exceeded  the  albumi- 
noid ammonia.  The  ratio  varied  between  1  to  43  at  Rockland  dam, 
.which  is  the  point  I  recommended  as  the  best  from  which  to  draw  the 
future  water  supply,  to  1  :  1.2  at  certain  spots  when  the  influence  of 
trade  and  other  pollutions  became  manifest. 

Without  detailing  here  the  results  of  examination  of  many  other 
streams,  it  is  sufficient  to  say  that  the  ratio  of  the  free  ammonia  to  the 
albuminoid  ammonia  usually  varies  in  river  waters  from  1  :  2  to 
1 :  10,  and  even  higher  amounts  for  the  albuminoid  ammonia.  If  the 
free  ammonia  exceeds,  it  can  ordinarily  be  assumed  that  a  very  large 
amount  of  the  products  of  decomposition  derived  from  trade  and  sew- 
age pollution  are  present.  In  such  cases  the  absolute  amount  of  albu- 
minoid ammonia  is  also  very  considerable.  But,  as  previously  stated, 
the  absolute  amount  of  albuminoid  ammonia  in  the  Scluiylkill  river  at 
the  time  when  the  non-potability  occurred,  though  much  exceed- 
ing the  "limit  of  purity"  in  a  river  water  whose  free  anmionia  is  at 
the  same  time  very  liigh,  Avas  not  extraordinarily  grejit.  For  this  rea- 
son the  excess  of  free  ammonia  indicates  not  only  the  fact  of  pre-exist- 
ent  trade  and  sewage  contamination,  but  taken  in  connection  with  the 
other  fiicts  developed  during  the  course  of  this  investigation,  has  a 
special  significance  which  will  be  explained  farther  on. 

OXYGEN    REQUIRED   TO    OXIDIZE   THE    ORGANIC    MATTERS, 

That  the  nauseous  taste  and  smell  was  not  due  to  the  mere  fact  of 
an  excess  of  decomposable  organic  matters  is  rendered  still  more  i)rob- 
able  by  the  small  percentage  of  oxygen  rcfpiired  toelleet  this  oxidation. 
It  is  little  more  than  one-fourtli  the  amount  of  oxygen  required  on 
June  24,  l'S8l,  wiien  tlie  water  was  excellent,  both  in  taste  ;ui<l  .-niell. 
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NITRITES    AND   NITRATES. 

A  peculiarity  of  the  same  description  exists  with  regard  to  the  ratio 
between  the  nitrites  and  nitrates  as  between  the  free  and  albuminoid 
ammonia,  in  that  the  former  is  present  in  large  amounts  in  all  the 
samples.  The  origin  of  the  nitrites  is  twofold.  They  are  due  either 
to  direct  oxidation  of  the  nitrogenous  organic  matter — this  oxidation 
stopping  short  of  its  proper  final  stage,  which  is  the  complete  conver- 
sion into  the  form  of  nitrates — or  they  are  formed  at  the  expense  of 
the  nitrates  already  existing,  by  their  reduction  in  presence  of  excess 
of  readily  oxidizable  organic  matters. 

Both  modes  of  origin  are  indicated  in  the  present  instance,  and  both 
point  to  the  same  conclusion  that  there  was  an  excess  of  organic  matter 
beyond  what  could  be  oxidized  under  the  existing  circumstances. 

On  account  of  the  extreme  instability  of  the  nitrites,  they  are  usually 
converted  almost  entirely  into  the  form  of  nitrates,  and  leave  behind 
but  little  more  than  a  trace  of  their  presence.  Their  large  percentages 
in  these  samples  indicate,  therefore,  a  retarded  or  arrested  oxidation. 

COMPLETE    ANALYSES   OF   THE   SCHUYLKILL   WATER   SUPPLY. 


PoTTSTOWN,  January 
10, 1883. 


No.  226. 


Parts  per 

100,000. 


Lime 

Magnesia 

Oxide  of  iron  and  alumina. 

Ammonium  liydrate 

Sodium  cliloride 

Potassium  cliloride 

Carbonic  anliydride 

Sulpli  uric  anhydride 


Hillcic  anhydride,  and  insoluble 
matters 

Phosphoric  anhydride 

Nitrous  anliydride 

Nitric  anhydride 


Inorganic  matter 

Total  solid  matter  in  solution..- 


3-593 
1-515 
0-134 
0-019 
0-590 
0-180 
0-780 
2-300 

1-289 
trace. 
0-008 
0-560 

I0-96S 
18-000 


Organic  maltfr  (by  difference).. 


Grains  per 
gallon. 


Faiemount,  January 
9, 1883. 


No.  228. 


2-095 
0-884 
0-077 
0-012 
0-344 
0-105 
0-455 
1-841 

0-752 


0-005 
0-.327 


6-393 

10-497 


4-104 


Parts  per 

100,000. 


3-520 
1-034 
0-264 
0-040 
0-930 
0-187 
0-710 
1;890 

1-950 
trace. 

0-008 
0-C40 


Grains  per 
gallon. 


11-173 
18-500 


7-327 


2-053 
0-603 
0-154 
0-023 
0-542 
0-109 
0-404 
1-1 

1-137 

0-005 
0-373 


6-523 
10-789 


4-26& 
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CHLORINE. 

The  percentage  of  chlorine  is  somewhat  high,  and  is  relatively  greater 
at  Fairmount  than  it  is  at  Roxborongh,  Norristown,  and  Pottstown.  It 
is  also  iiigher  than  at  other  seasons  when  the  character  of  the  water 
has  been  better.  All  these  facts  are  in  accord  with  what  would  occur 
from  sewage  contamination,  but  do  not  aid  us  materially  in  discovering 
the  cause  of  the  January  disorder. 

TOTAL   SOLIDS    AND   COMPLETE   QUANTITIVE    ANALYSIS. 

The  determinations  of  the  amounts  of  saline  bodies  and  organic  com- 
pounds which  exist  in  the  water  in  a  state  of  solution,  and  are  left  behind 
as  a  residue  upon  evaporating  100  cc.  of  the  water  to  dryness  and  drying 
at  110°C.,  throw  no  light  upon  the  present  question.  They  merely 
show  that  the  amount  of  substances  in  solution  is  greater  by  ^  part  in 
100,000  at  Fairmount  than  in  the  up])er  portion  of  the  stream.  It  is 
not  unusual  to  strongly  heat  these  residues  and  set  down  their  losses 
in  weight  as  organic  and  volatile  matters.  For  a  variety: of  reasons 
the  results  thus  obtained  are  so  inaccurate  as  frequently  to  mislead,  and 
for  this  rea-son  have  not  been  made  use  of  in  the  present  difficult  inquiry. 
Instead,  I  have  given  below  the  results  of  two  complete  analyses  of 
the  mineral  constituents.  The  difference  between  the  sum  total  of  these 
mineral  constituents  and  the  total  solids  in  solution  is  regarded  as  repre- 
senting the  organic  matter  approximately.  Unfortunately,  no  accurate 
determination  of  the  total  amounts  of  the  very  complex  and  very  vari- 
ous organic  bodies  present  in  natural  waters  is  possible  in  the  present 
state  of  our  knowledge.  The  results  here  given  represent  the  closest 
approximation  to  the  truth  which  I  was  able  to  arrive  at,  and,  I  think, 
are  sufficiently  correct  to  serve  as  a  trustworthy  basis  for  reasoning. 

An  examination  of  these  complete  analyses  shows  that  the  lime,  mag- 
nesia, carbonic  anhydride  and  sulj)huric  anhydride  are  all  less  at  Fair- 
mount  than  at  I'ottstowJi.  They  have  [irobably  beeu  |)recipitated  out 
of  solution  on  account  of  tlie  relative  insolubility  of  the  carbonates 
and  sulphates  of  lime  and  of  the  carbonate  of  magnesia.  The  increa.sed 
amounts  of  sodium  and  potassium  chloride,  of  ammonium  carbonate, 
of  nitrous  and  nitric  anhydrides,  would  all  be  in  accordance  with  the 
fact  of  contaminating  with  sewage  and  trade  pollution  in  the  lower 
portion  of  tiie  stream,  as  woidd  also  be  the  slightly  increased  amount 
of  organic  matter,  shown  in  the  analysis  of  the  Fairmount,  as  com- 
pared with  the  Pottstown  water.     ]Jut  this  increase  is  not  so  important 
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as  the  fact  that  the  organic  matter,  even  in  the  up])er  portions  of  the 
stream,  was  very  considerable,  amounting  to  over  7  parts  in  100,000. 
And  what  is  important  for  us  to  note  here  is  that  to  this  considerable 
burden  of  organic  matter,  which  might  or  might  not  be  of  unwhole- 
some character,  was  added  to  the  customary  increment  of  pollution 
from  sewers  and  factories  in  the  lower  portion  of  the  stream.  As  to 
the  origin  of  this  organic  matter,  the  following  letter  is  important: 

"  Reading,  January  11, 1883. 
"  De.  Wm.  H.  McFadden, 

Chief  Engineer  Water  DeiDartment. 

"Dear  Sir  : — Referring  to  your  favor  of  9th  inst.,  asking  for  the 
facts  regarding  the  present  condition  of  the  Schuylkill,  I  have  to  say 
in  reply  that  all  the  dams  of  the  Navigation  Company  above  the  Blue 
mountains,  from  No.  7,  at  Schuylkill  Haven,  to  No.  16  (Blue  moun- 
tain), were  drawn  between  December  18th  and  23d,  and  they  remain 
so  drawn  at  this  time.  The  water  was  let  out  from  each  dam  by  means 
of  sluices  in  them  provided  for  that  purpose,  and  canals  connected  with 
them  were  emptied  at  the  same  time.  All  these  dams  had  ice  upon 
them  from  4  to  6  inches  in  thickness  when  drawn.  Between  the  Blue 
Mountain  and  dam  No.  22,  North^  Reading,  none  of  the  dams  have 
been  drawn ;  they  are  now  and  have  been  covered  with  ice  about  6 
inches  thick,  since  the  middle  of  December. 

"  Ice  began  to  be  formed  soon  after  the  26th  of  November,  and  the 
obstruction  was  complete  as  early  as  the  4th  of  December. 

"  Dams  Nos.  23  and  24  (Poplar  Neck  and  Lewis)  below  Reading, 
the  latter  known  as  the  big  dam,  were  drawn  respectively  on  the  29th 
of  December  and  January  1st,  and  there  was  very  little  ice  on  either 
at  these  times.  The  dams  between  No.  24  and  Fairmount,  six  in 
number,  have  not  been  drawn,  but  have  all  been  more  or  less  obstructed 
by  ice  since  December  4th,  warying  in  thickness  from  2  to  5  inches. 

"  The  flow  of  the  river  has  been  much  below  the  usual  minimum, 
both  during  the  fall  and  ever  since  winter  set  in,  and  the  rain-fall  in 
the  valley  has  not  been  more  than  half  of  what  is  usual  during  the 
same  period. 

"  The  dams  not  drawn,  nevertheless,  have  all  continued  to  run  over, 
but  with  a  flow  scarcely  more  than  that  of  the  low  water  of  summer, 
whilst  the  dams  below  '  Lewis,'  or  '  big  dam,'  have  not  been  drawn,  all 
the  canal  levels  which  they  supplied  have  been  emptied.     One  series- 
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of  these  levels,  22  miles  in  length,  supplied  from  the  '  big  dam,'  was 
drawn  out  about  the  16tli  of  December,  and  furnish  a  very  large  iiody 
of  pure  water  to  the  river.  Another,  the  five-miles  level,  opposite 
Royei's'  Ford,  was  drawn  on  the  23d  of  December.  This  level  receives 
the  drainage  from  the  wood-paper  works  at  Spring  City.  The  level 
opposite  Pluenixville,  4  miles  in  length,  was  drawn  out  on  the  22d  of 
December. 

"  Yours,  very  respectfully, 

'MAS.  F.  SMITH." 


In  commenting  upon  this  letter,  the  Chief  Engineer  emphasizes  the 
three  most  important  facts  thereby  elicited. 

1.  The  small  rainfall  in  October,  Xoveniber,  and  December,  and 
the  very  small  flow  of  the  river. 

2.  The  emptying  of  the  Schuylkill  canals  and  eleven  ^lams  thereon. 

3.  The  complete  covering  of  ice  on  the  Schuylkill  river,  the  canals, 
dams,  and  tributaries. 

Whilst  the  first  two  points  throw  much  light  upon  the  origin  of  the 
large  percentage  of  organic  matter,  they  cast  but  little  upon  its  charac- 
ter,^— whether  it  was  necessarily  wholesome  or  unwholesome,  whether 
it  imparted  the  bad  taste  and  smell.  With  reference  to  possible 
unwholesomeness  we  nmst  remember  that  the  organic  matter  which 
contains  nitrogen  is  the  portion  most  important  to  study.  The  amounts 
of  albuminoid  ammonia  (0'()145  parts  to  0'02375  parts)  indicate  that 
this  constitutes  only  a  small  fraction.  If  we  assume,  along  with  the 
author  of  the  albuminoid  process,  that  the  nitrogenous  organic  matter 
may  be  estimated  as  ten  times  greater  in  amount  than  the  albuminoid 
ammonia,  this  fraction  would  not  exceed  0*237o  parts  in  a  total  of  7 
parts  in  a  thousand.  I  am  aware  that  the  exj)erinients  by  which  this 
proportion  was  established  have  recently  been  rejieated  by  Preusse  and 
Tiemann,*  mostly  upon  artificial  organic  compounds,  far  more  stable 
in  their  nature  than  the  putrcfiable  substances,  the  e."timation  of  which 
especially  concerns  us  in  hygienic  investigations  of  water  sup})lies- 
These  experiments,  which  were  less  extended  and  elaborate  than  those 
of  Waidclyn,  merely  confirmed  his  residts.  Their  conclusion  that  the 
process  gives  us  no  indication  of  the  absolute  quantity  of  nitrogenous 
organic  substances,  no  more  invalidates  the  process  than  the  analogous 


*Ber.  tier  deutsch.  chem.  (Jt'st-ll,  xii.  litnfi. 
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results  they  found  by  tlie  permanganate  method  of  estimating  organic 
matter  militates  it.  And  yet,  whilst  they  obtained  less  decisive  results 
by  permanganate  process,  urea  for  instance  not  being  at  all  oxidized,  tliey 
placed  great  stress  upon  the  indications  afforded  by  the  permanganate 
method.  It  may,  likewise,  be  inferred  from  experiments  identical  in 
character  with  those  by  Avhich  Wanklyn  assumed  that  the  disintegrating 
animal  refuse  in  water  might  be  fairly  estimated  as  ten  times  its  albu- 
minoid ammonia,  that  its  total  organic  matter  is  about  20  times  greater 
than  the  oxygen  in  the  permanganate  required  to  effect  its  oxidation. 
We  have  already  seen  that  the  organic  matter  in  the  Pottstown  sample 
amounted  in  all  to  7-032  parts  per  100,000,  and  in  that  from  Fair- 
mount  to  7-327  parts.  Estimated  by  the  above  rule,  the  relative 
amounts  of  organic  matter  would  have  been  4-0  parts  in  100,000  and 
7-4  parts  respectively.  Fallacies  inherent  in  the  permanganate  method, 
and  inductions  based  thereon,  make  this  lack  of  concordance  probable. 
Nevertheless,  it  may  safely  be  assumed  that  of  the  total  of  7  parts  of 
organic  matter  per  100,000,  not  more  than  0*5  parts  were  readily 
decomposable  organic  substances,  or  were  derived  from  sewage. 


DISSOLVED    OXYGEX. 

I  did  not  attempt  to  determine  the  oxygen  in  the  samples  collected 
when  the  water  was  at  its  worst  phase,  the  sam})les  having  stood  sev- 
eral days.  But  the  determinations  made  upon  the  fresh  samples,  col- 
lected by  myself  and  analyzed  with  least  possible  delay,  bring  into 
prominence  certain  points  which  bear  directly  upon  the  vital  question 
of  the  present  investigation.  These  relate,  in  the  first  place,  to  the 
smaller  volumes  of  oxygen  in  the  samples  as  compared  with  the 
volumes  Avhich  should  have  been  j^resent  in  case  the  water  had  been 
completely  aerated,  and,  in  the  second  place,  to  the  different  volumes 
of  oxygen  in  the  ])airs  of  samples  collected  at  the  same  spot,  but  the 
one  from  the  top,  the  other  from  the  bottom  of  the  stream. 

The  largest  volume  in  any  of  the  six  (Nos.  230,  235)  is  that  con- 
tained in  No.  234,  the  sample  taken  from  the  bottom  of  the  stream  at 
Roxborough  basin.  It  is  5'G4  cubic  centimeters  in  a  liter  of  the  water 
measured  at  15°  C.  But  this  amount  is  nearly  a  cubic  centimeter  less 
than  I  found  to  l)e  present  in  a  liter  of  distilled  water,  artificially 
aerated  by  a  current  of  filtered  air,  and  which  contained  6*51  cc.  of 
oxygen. 
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A  liter  of  No.  230,  similarly  aerated,  had  its  volume  of  oxygen 
raised  from  4*41  ce.  to  6*3  cc,  and  another  liter  of  Xo.  230,  aerated  by 
mere  exposure  for  a  number  of  days,  in  flasks  plugged  with  cotton 
wool,  to  the  atmospliere,  had  its  volume  of  oxygen  increased  to 
6-2  cc. 

These  aerated  samples  were  afterwards  subjected  to  sun-light,  in  the 
presence  of  nitrate  of  silver,  when  it  M'as  found  that  the  amount  of 
oxygen  required  to  oxidize  the  organic  matter  in  that  portion  of  No. 
230,  which  had  been  aerated  by  a  constant  current  of  air,  had  been 
reduced  from  0'218  part  in  100,000  to  0*044  part.  The  organic 
matter  in  the  other  sample  of  No.  230,  aerated  merely  by  exposure  to 
the  atmosphere,  had  been  reduced  from  0*218  part  to  0"103  part. 

Tiiese  facts,  it  appears  to  me,  are  conclusive  both  as  to  the  lack  of 
oxygen  in  ihe  samjjles  collected  and  the  effcKJt  of  oxygen  on  that  small 
portion  of  the  total  organic  mattei*  Avhich  was  susceptible  of  easy 
decomposition  or  putrefaction  and  of  as  easy  oxidation. 

Very  noteworthy,  also,  are  the  differences  between  the  volume  of 
oxygen  contained  in  the  corresponding  series  of  samples  taken  from 
the  toj)  and  bottom  of  the  stream,  the  oxygen  being  uniformly  greater 
in  the  bottom  water.  The  differences  are  real,  whatsoever  opinion  may 
be  obtained  as  to  their  cause.  The  results  being  surprising,  the  deter- 
n)inations  were  oft  repeated,  but  the  closely  concordant  figures  were 
decisive  as  to  the  fact  of  the  larger  vohunes  of  oxygen  being  present 
in  the  samples  taken  from  the  bottom.  It  is  also  noteworthy,  that  in 
the  Roxborough  samples  the  volumes  of  (jxygen  are  greater  in  both 
top  and  bottom  sample,  than  in  the  corresponding  samples  at  Spring 
Garden  and  Fairmount. 

The  bearing  of  the  above  facts  uj)on  the  great  (juestion,  kept  con- 
stantly in  view  in  this  investigation,  can  be  best  appreciated  in  the 
light  of  the  results  obtained  by  certain  European  chemists,  more  espe- 
<'ially  by  M.  Dumas,  his  examinations  ix'ginning  with  the  river 
Seine,  above  Paris,  and  extending  to  Ilouen,  about  one  hundred  miles 
below.  He  found  that  the  river  water  contained  at  the  first  named 
point,  9  cul)i(!  centimeters  in  a  liter;  at  Point  d'lvry,  n  ar  the  up])er 
border  of  the  city.  Sec. ;  at  i*oint  de  la  Tournclle,  near  the  middle  of 
the  city,  Sec;  below  the  city,  and  above  the  outlet'*  of  main  sewers, 
6  cc. ;  at  outlet  of  lower  main  intercepting  sewer,  2  cc. ;  at  Epinay,  a 
point  loc^ated  below  all  sewers,  1  cc. ;  at  Poissy,  17  miles  below  Epinay, 
6  CO.;  at  Vernon,  27  miles  below  Poissy,  9"5cc.,  and  at  Rouen,  35 
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miles  still  lower  clown,  even  more  than  in  the  waters  above  Paris,  or 
10*5  cubic  centimeters  in  a  liter.* 

Still  more  striking  results  were  obtained  by  M.  Gerardin,  who 
extended  the  inquiry  so  as  to  embrace  the  three  following  topics : 

1.  A  determination  of  the  amount  of  oxygen  held  in  solution. 

2.  An  observation  of  green  plants  and  aquatic  mollusks. 

3.  A  microscopic  examination  of  algtfi  and  infusoria. 

It  is  claimed  that  the  results  obtained  by  these  three  methods  were 
identical,  and  that,  where  the  water  was  clear,  with  abundance  of  fish, 
water-cress,  etc.,  it  contained  a  correspondingly  large  amount  of  oxygen  ; 
while  in  places  where  the  dissolved  oxygen  was  small,  fish  and  the 
higher  types  of  aquatic  plants  were  wanting,  and  certain  low  forms  of 
vegetable  growth  had  taken  their  place.  The  river  Vesle*  in  France, 
from  Rheims  to  Braisne,  was  taken  as  the  field  of  observation.  It  was 
studied  over  a  distance  of  37|^  miles,  during  which  it  received  the 
sewage  of  one  large  town  (that  of  Rheims),  amounting  to  4,180,000 
gallons,  and  other  impurities.  Above  Hheims  the  water,  which  was 
clear,  wholesome  and  with  abundance  of  fish,  charas,  water-cress,  iris,^ 
etc.,  contained  1  cubic  inch  of  oxygen  in  100  cubic  inches. 

In  passing  through  a  suburb  above  Rheims,  the  Vesle  received  the 
refuse  of  some  dye  w^orks,  which  colored  the  water ;  and  in  place  of 
the  fish  and  water-cress,  Sparganium  simplex  made  its  appearance.  At 
a  point  where  the  water  had  received  the  contents  of  the  five  principal 
sewers  of  Rheims,  the  water  was  thoroughly  polluted,  and  contained 
but  -05  cubic  inch  of  oxygen  in  100  cubic  inches.  Two  species  of 
algse,  the  Beggiatoa  alba,  and  the  Oscillaria  natans  were  developed 
largely,  the  latter  to  such  an  extent,  that  the  whole  surface  of  the  slug- 
gish water  was  covered  with  a  thick,  blackish  coat.  This  coat  was 
seemingly  so  solid,  that  animals,  and  even  men,  ventured  upon  it,  mis- 
taking it  for  terra  firma.  Above  the  mill  at  Macan,  when  the  oxygen 
had  increased  to  0*74  cubic  inch,  the  two  varieties  of  algae  mentioned 
above,  had  disappeared,  and  the  bed  of  the  Vesle  was  covered  with  a 
long,  whitish  algaj,  called  Hypheothrix.  At  Compense  mill,  the  oxygen 
had  increased  to  O'H  cubic  inch,  the  hypheothrix  had  almost  completely 
disappeared,  and  the  Sparganium  simplex  was  again  abundant.    Below 

*  It  i.s  probable  tliat  these  figures  for  dissolved  oxygen,  which  were  ob- 
tained by  M.  .Schutzeiiberger's  i>rocess,  are  all  too  high.  But  the  ratio 
between  their  relative  values  is  probably  approximately  correct,  and  is^ 
sufficient  to  establish  the  point  under  consideration.' 
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tliis  point  the  amount  of  oxygen  increased,  and  with  it  a  corresponding 
cliauge  took  place  in  the  vegetation,  until,  at  Braisne,  the  water  con- 
tained 1  cubic  incli  of  oxygen  per  100  cubic  inches,  all  traces  of  pollu- 
tion had  disappeared,  and  fish  and  water-cress  flourished.  From  this 
it  would  appear  that  a  properly  aerated  and  pure  water  showed,  when 
polluted,  the  amount  of  pollution  by  a  corresponding  diminution  of 
oxygen,  by  the  ap})earance  of  Sparganium  sim})lex,  Spirogyra,  Hy- 
pheothrix,  Beggiatoa  and  Oscillaria,  and  progre&sive  improvement  by  a 
corresponding  increase  of  oxygen,  and  the  appearance  of  these  plants 
in  reverse  order. 

ACIDITY    AND    ALKALINITY, 

Potable  water  should  have  a  neutral  reaction.  This  was  not  the  case 
with  the  Schuylkill  water.  It  was  decidedly  acid  in  its  upper  portion 
(January  10),  le&s  so  in  its  lower  portion  (January  9),  and  in  the  inter- 
val between  January  9  to  January  13,  its  reaction  changed  from  acid  to 
alkaline.  Six  days  later  when  from  all  accounts  its  taste  and  smell 
had  much  improved,  it  was  neutral.  This  change  of  reaction  could 
not  take  place  without  influencing  the  constitution  of  the  water,  since 
it  would  tend  to  precipitate  various  bodies  held  in  solution.  It  is  diffi- 
cult to  speak  more  precisely  on  these  points,  since  the  determination  of  the 
acidity  and  alkalinity  of  potable  waters  has  been  hitherto  generally  over- 
looked, and  from  the  lack  of  data  it  can  only  be  said  that  this  change 
of  reaction  was  associat(d  with,  and  favorable  to  a  rehabilitation  of  the 
potability  of  the  water  supply.*  What  we  must  emphasize  is  that  the 
water  coming  down  the  stream  after  the  9th  of  January  was  of  a  very 
different  character  from  that  of  the  water  before  this  date.  The  acid 
water  had  all  gone  by  the  Fairmouut  pool  before  the  13th  of  January, 
since  at  the  latter  date  the  water  was  no  longer  acid  but  alkaline.  In 
other  words,  the  influence  of  the  limestone  watei>5  flowing  into  the 
Schuylkill  was  more  pronounced  on  the  13th  of  January  than  the 
influence  of  the  acid  waters  emptying  into  tiie  stream  in  its  upper  por- 
tion at  points  above  where  the  limestone-bearing  tributaries  Join  tiie 
Schuylkill.  This  being  the  case,  the  origin  of  the  bad  taste  and  smell 
is  likewise  comiected  to  a  certain  extent  with  the  upper  portion  of  the 
river.  It  was  due  in  part  at  least  to  other  causes  than  the  irruption  of 
sewage  and  factory  waste  into  the  Roxborough,  Spring  (iarden,  and 
Fairmount  pools. 

*  Koe  a  valiial)lc  contrilnition  to  this  su!)ject  by  Dr.  C.  M.  Crcsson  and 
Mr.  11.  W.  M.tclH'll  ill  painpiilet  "  HcMults  of  Kxamination  of  Water  from 

the  River  Sclmvlkill.  IMiJl.i..  IS7')." 
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COLOR,    TASTE,    SMELL,   AND    HYGIENIC    EFFECTS. 

Though  none  of  the  samples  were  colorless  as  compared  with  dis- 
tilled water,  the  estimation  of  the  precise  tinge  was  of  no  importance 
in  this  investigation. 

The  taste  and  smell  are  difficult  to  define  since  subjective  impressions 
cannot  well  be  described  unless  they  originate  from  familiar  substances. 
Many  ascribed  to  the  water  the  odor  of  carbolic  acid ;  others  that  of 
chloride  of  lime ;  most  likened  it  to  something  of  an  oily,  greasy  or 
fatty  character. 

A  large  quantity  of  the  water  was  tested  for  carbolic  acid,  but  not  a 
trace  was  found,  nor  any  other  indication  of  the  presence  of  bodies 
derived  from  coal-tar  or  gas  works  refuse. 

No  metallic  poisons  were  present,  nor  any  substance  like  chloride  of  lime. 

Letters  addressed  to  eminent  physicians  in  Philadelphia,  elicited  the 
uniform  response  that  no  connection  could  be  established  between  the 
character  of  the  Schuylkill  water  supply  in  the  month  of  January  and 
any  case  of  disease  within  their  practice.  The  following  table  com- 
piled by  order  of  W.  H.  Ford,  M.  D.,  Chairman  of  the  Sanitary 
Committee,  Philadelphia  Board  of  Health,  may  be  studied  by  any  who 
feel  able  to  draw  satisfactory  conclusions  therefrom. 

Deaths  from  some  of  the  principal  zymotic  diseases  in  Philadelphia  for 
sixteen  months,  commencing  with  November,  1881. 
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MICROSCOPIC    EXAMINATION, 

In  pursuance  of  the  methods  of  Koch,  and  after  a  plan  suggested  by 
Dr.  R.  Angus  Smith,  50  cubic  centimeters  of  each  sample  were  added 
to  25  cc.  of  a  2  J  per  cent,  solution  of  gelatin  in  distilled  water,  5  mgrm. 
of  sodium  phosphate  added  to  each,  and  the  flasks  containing  the  solu- 
tions allowed  to  stand  in  a  Avarm  place.  After  five  days,  liquefaction 
began  on  the  upper  surface  of  the  jelly-lii<e  contents  of  one  flask,  that 
containing  Xo.  230,  and  subsequently  one  after  another  the  remaining 
flasks  also  became  filled  with  micrococci  and  bacteria.  This  mode  of 
inquiry  afforded  no  aid  in  the  study  of  the  present  problem. 

THE   GRAPHIC   CHART, 

I  have  appended  to  this  report  a  graphic  representation,  which  puts 
in  clearer  light  the  obtained  results.  It  presents  sanitary  analyses  of 
ten  samples  collected  January,  1883,  and,  for  comparison,  that  collected 
June  24,  1881.  Also,  complete  analyses  of  the  inorganic  matter  in  the 
Pottstown  water  (January  10)  and  the  Fairmount  water  (January  9). 
Constituents  of  the  same  order  of  magnitude  are  represented  on  the 
same  scale ;  the  upper  third  of  the  map  being  given  to  free  and  albu- 
minoid ammonia  and  nitrites;  the  middle  to  required  oxygen,  nitrates 
and  chlorine;  the  lower  third  to  dissolved  oxygen.  In  the  last,  the 
scale  represents  volumes  or  parts  of  cubic  centimeters  of  oxygen  per 
liter  of  water. 

Inspection  shows  that  the  free  ammonia  was  least  at  Pottstown. 
The  curve  rises  and  crosses  above  that  for  the  albuminoid  ammonia  at 
Fairmount,  January  13,  and  does  not  fall  below  it  until  it  represents 
the  bottom  water  in  Iloxburough  pool,  January  20.  For  the  second 
series  of  samples,  the  maximum  elevation  of  the  free  ammonia  curve 
is  found  at  Spring  Garden  basin. 

Albuminoid  ammonia  rises  to  its  maximum  at  Fairmount  forebay 
January  9. 

For  reasons  previously  explained,  the  curve  of  the  required  oxygen 
does  not  repay  study,  which  represents  the  results  obtained  by  the  j^er- 
manganate  process. 

Nitrites  show  maxima  at  Fairmount  and  Spring  Garden. 

Nitrates  are  greatest  at  Koxborough,  and  what  is  striking,  at  the 
same  point  the  curve  for  the  nitrites  falls,  as  though  the  reduction  due 
to  the  incursion  of  fresh  sewage  was  less  at  that  point. 
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Chlorine  rises  steadily  with  the  flow  down  the  river. 
Dissolved  oxygen  rises  and  falls  at  top  and  bottom  of  the  river,  but 
shows  a  relative  rise  in  both  for  the  Roxborough  samples. 

4.    LIGHT    THROAVX     BY    THE    RESULTS    UPOX    THE   ORIGIX    OF    THE 
JANUARY   TASTE   AND   SMELL. 

It  has  been  stated  previously  that  the  mere  fact  of  sewage  contami- 
nation is  insufficient  to  explain  the  taste  and  smell.  The  anomalous 
accumulation  of  the  products  of  decomposition ;  the  free  ammonia 
exceeding  the  albuminoid  ;  the  reduction  of  the  nitrates  to  the  form  of 
nitrites,  instead  of  remaining  in  the  former  form  ;  the  deficiency  of 
oxygen  in  all  samples  as  compared  with  the  ncrmal  amount;  the  com- 
pleter oxidation  of  the  decomposable  organic  matter  when  the  samples 
were  allowed  to  absorb  their  full  complement  of  oxygen — all  of  these 
facts  are  significant  of  a  different  explanation.  This  is,  that  the  taste 
and  smell  were  connected  with  a  state  of  partial  and  arrested  oxidation, 
and  of  incomplete  aeration.  Moreover,  the  bodies  which  gave  rise  to 
the  unpalatability  were  products  of  decomposition  of  organic  substances 
contained  in  the  water,  or  deposited  at  the  bottom  of  the  stream,  the 
nature  of  these  bodies  being  determined  by  the  fact  of  their  being 
formed  bv  processes  of  putrefactive  decay  out  of  contact  with  oxygen. 
Under  these  conditions  it  is  well  known  that  hydrocarbons  belonging 
to  several  isologous  and  homologous  series  are  formed,  the  lower  mem- 
bers of  which  are  gases ;  the  members  of  greater  molecular  condensa- 
tion, oils ;  and  the  highest,  solids.  The  most  familiar  instance  is  that 
of  marsh  gas,  which  is  being  constantly  liberated  from  vegetable 
matter  decomposed  at  the  bottom  of  ponds  out  of  contact  with  air. 
Another  familiar  instance  is  that  of  the  oil  frequently  seen  floating  on 
the  surface  in  similar  localities,  and  originated  in  the  same  way,  but 
differing  from  marsh  gas  by  greater  condensation  of  molecular  struc- 
ture. AVhen  this  decomposition  occurs  under  water  containing  (like 
that  of  the  Schuylkill  river)  sulphates,  these  sulphates  undergo  reduc- 
tion, and  sulphuretted  hydrogen  and  sulphuretted  hydrocarbon  com- 
pounds are  liable  to  be  found,  all  of  which  compounds  are  foul-smelling 
and  ill-tasting. 

Whilst  the  opportunities  afforded  me  for  investigation  (the  inquiry 
having  been  put  into  my  charge  only  after  the  crisis  of  the  disorder 
had  passed  and  tlie  great  body  of  the  unpotable  water  had  gone  by 
Fairmount  pool)  were  too  limited  to  permit  me  to  offer  the  above, 
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except  as  a  probable  explanation,  yet  I  trust  I  may  not  be  thought 
lacking  in  scientific  caution  so  to  do.  The  explanation  accounts  for 
the  combustible  gases  found  beneath  the  covering  of  ice,  and  which, 
according  to  the  testimony  of  Professor  Houston,  were  in  .sufficiently 
large  percentage  to  be  set  fire  to.* 

It  accounts  for  the  volatile  oily  bodies  so  generally  complained  of, 
so  persistent  as  to  communicate  their  taste  to  the  food  cooked  in  them, 
and  to  diffuse  through  the  house  and  kitchen  their  disagreeable  odor. 
It  explains  their  connection  between  the  acid  water  of  the  upper 
Schuylkill  and  the  contemporaneous  accession  of  unpalatability,  this 
upper  water,  already  charged  with  products  of  decomposition  accumu- 
lated in  ice-covered  dams  and  canals,  being  further  deteriorated  by 
bodies  peculiarly  susceptible  to  putrefactive  decay,  and  to  an  extent 
exceeding  the  maximum  limit  of  permissible  sewage  contamination  in 
the  lower  portions  of  the  stream. 

5.    QUESTIONS     RELATING    TO   THE     DETERIORATION    OF    THE    WATER 

SUPPLY. 

Such  a  conjunction  of  untoward  circumstances  as  resulted  in  this 
January  cachexy  of  the  Schuylkill  water  supply  seldom  occurs.  For 
this  reason  its  consideration  may  be  dismissed  until  opportunity  is 
afforded  for  a  complete  investigation  of  similar  disordei's  and  for  dis- 
covery of  appropriate  remedies. 

At  present  it  is  more  important  to  note  that  the  water  in  the  Fair- 


*  Tlie  following  letter,  received  long  subseciuent  to  the  i)ul)lioation  of  the 
original  report,  gives  an  interesting  account  of  these  remarkable  phe- 
nomena : 

Piiii.ADKLi'in  A,  June  a,  18So. 
Dr.  Alhiokt  R.  Lkkds, 

Dkar  8ir: — In  reply  to  your  letter  of  iiKjuiry,  we  write  to  say  that  you 
have  been  correctly  informed  concerning  the  inflammable  gas.  It  was 
iinst  shown  to  us  by  Mr.  Alan  Cxentry,  of  Germantown,  and  we  have  sub- 
sequently rei)eated  tlie  exi)eriment  on  several  occasions.  The  gas  wa.s  con- 
tained in  white  lioUow.s  un<]er  the  surface  of  the  ice,  and  whenever  we 
7ir)ticed  one  of  these,  we  punctured  it  witli  u  penknife  and  applied  a  match. 
Tlie  gits  took  fire  readily,  and  l)urned  with  a  blue  flame,  yellow  at  the  top. 
A  noteworthy'  fact  in  connection  is  that  the  gas  was  found  only  on  the 
western  bank  of  the  river,  where  the  water  is  shallow,  and  the  bottom  of 
deep  black  mud.  The  flames  were  ordinarily  about  six  inches  high,  but 
once  we  obtained  one  fid ly  a  yard  higli.  Tiiey  l)urned  usually  for  about 
two  nunutes.  W.  A.  M.vckik, 

E.  E.  Mather. 
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mount  and  Spring  Garden  pools  often  deteriorates  to  a  point  below  the 
maximum  limit  of  admissible  impurity.  And  whilst  the  evidence 
afforded  by  the  single  analysis  of  the  water  in  the  Roxborough  pool, 
which  was  only  incidentally  made  in  the  course  of  this  investigation, 
is  much  in  favor  of  the  latter,  yet  the  relative  character  of  the  Rox- 
borough  water  can  only  be  established  with  certainty  by  more  extended 
research. 


THE  CHEMISTRY  OF  THE  PLANTE  AND  FAURE 
ACCUMULATORS.*  • 


By  J.  H.  Gladstone  and  Alfred  Tribe. 

(Continued  from  vol.  cxv,  page  68.) 


Part  Y. — 1.   influence  of  strength  of  acid. 

In  the  second  part  of  this  communication,  see  this  Journal,  vol.  cxiv, 
p.  223,  when  treating  of  the  charging  of  the  cell,  we  pointed  out  that 
in  the  electrolysis  of  dilute  sulphuric  acid  between  lead  electrodes,  two 
totally  different  reactions  might  be  obtained.  The  positive  metal 
becomes  thinly  coated  with  lead  sulphate  when  the  current  employed 
is  of  small  density,  but  with  lead  peroxide  when  the  density  of  the 
current  is  of  greater  magnitude.  This  latter  action  is,  of  course,  what 
takes  place  in  the  ordinary  formation  of  a  Plants  battery.  The  chem- 
ical change,  therefore,  which  goes  on  at  the  positive  electrode  is  to  a 
certain  extent  dependent  upon  the  strength  of  the  current.  It  appeared 
also  of  both  theoretical  and  practical  interest  to  determine  whether  the 
chemical  change  was  also  influenced  by  the  strength  of  the  acid 
employed.  Our  experiments  consisted  in  passing  a  current  of  uniform 
strength,  about  1  ampere,  between  electrodes  of  lead,  12  square  inches 
in  size,  in  varying  strengths  of  sulphuric  acid,  and  estimating  in  each 
case  the  amount  of  oxygen  fixed  by  the  positive  electrode.  We  deter- 
mined this  for  successive  five  minutes  of  time,  and  as  such  actions  are 
not  always  very  uniform,  we  made  in  each  instance  more  than  one 
experiment.     The  results  are  given  in  the  following  table : 

*  From  London  Nature. 


July,  1883.] 


PlanU  and  Faure  AccurrVulators. 


49 


strength 
of  acid. 

Expt. 

Percentage  of  oxygen  fixed. 

First 
Smius. 

Second 
5mins. 

Third         '        Fourth 
oinins.        j       omins. 

Total. 

1  to  5 

II. 
II. 

38-1 
39-0 

28-6 

30-2 

i 
28-6           ,           33-3 
25-(i                       30-2 

128-6 

125-5 

1  to  10 

48-4 
44-1 

38-7 
39-3 

29-2                     34 
29-3                      34-9 

145-3 

147-6 

I  to  50 

II. 
III. 

II. 
III. 

II. 

48-3 

^H-R 

35-3           ]           22-4 
23                          30 

35-3            '            35-5 

1 

145-6 
ii;!-l 
lt;5 

46-2                      43-0 
54               ;           40 

1  to  100 

42               1           38-3 
42-4                        40 
51-1           j           44-2 

33-9 
37-8 
34-9 

29-5 
35-5 
34-ft 

1-13-7 
1.50-7 
1G5-1 

1  to  500 

46-6 
46-4 

32 -6 
27 

27 
27 

27 
18 

132-6 
118-4 

1  to  1,000 

* 
II. 

90-6 
90-8 

81-1 

7? 

76-4 
72-3 

57-5 
631 

305-6 
303-2 

It  appears  from  this  that  the  strong  sulphuric  acid  (1  to  5)  is  not 
quite  so  favorable  to  the  action  as  the  more  dilute  (1  to  10),  but  that 
between  this  latter  proportion  and  1  to  500  there  is  no  great  difference 
in  the  amount  of  oxygen  fixed,  and  therefore  of  corrosion  of  the  plate. 
The  appearance  of  the  i>late  in  every  instance  indicated  the  formation 
of  peroxide  lead  only.  With  sulphuric  acid  dihited  with  1000  parta 
of  water,  the  amount  of  oxygen  fixed,  and  therefore  of  corrosion,  was 
at  least  doubled,  while  the  chemical  action  was  very  different.  On 
parts  of  the  electrode,  streaks  of  a  mixture  apparently  of  the  yellow 
and  puce-colored  oxides  were  seen.  On  other  parts  a  white  substance 
formed  and  was  easily  detached,  falling  in  clouds  into  the  llcjuid. 
Where  this  latter  action  took  phice,  the  plate  wa-s  visibly  the  most  cor- 
roded. This  white  substance  ^<\ve  on  analysis  SO^,  equivalent  to  73*6 
per  cent,  of  lead  sulphate,  suggesting  the  idcji  that  it  wjis  a  basic  sul- 
phate of  the  composition  2PbS04,PbO,  whicli  would  require  73-1  per 
cent.  As  the  peroxidation  of  the  lead  is  rc(iuired,  and  the  corrosion 
Whole  No.  Vol.  CXVI.— (Thikd  Serie-s,  Vol.  Ixxxvi.)  4 
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of  the  plate  is  to  be  avoided  as  much  as  possible,  it  is  evident  that  this 
extremely  dilute  acid  must  be  avoided.  It  has  already  been  shown 
that  if  the  sulphuric  acid  is  entirely  removed  from  solution,  as  some- 
times happens  in  an  accumulator,  the  lead  is  simply  converted  into  the 
hydrated  protoxide,  and  therefore  corroded  without  any  good  eifect. 

2.     FUNCTION    OF    HYDROGEN. 

In  the  formation  of  a  secjondary  cell,  after  the  complete  reduction  of 
oxide  or  sulphate  to  metallic  lead,  bubbles  of  hydrogen  gas  are  seen  to 
escape  from  the  lead  plate.  It  has  been  assumed  that  a  portion  of  this 
is  occluded  by  the  lead,  or  in  some  other  way  enters  into  association 
with  it,  and  it  has  been  supposed  that  this  hydrogen  compound  may 
play  an  important  part  in  the  subsequent  production  of  electromotive 
force.  It  therefore  appeared  desirable  to  obtain  experimental  evidence 
as  to  whether  hydrogen  is  so  absorbed.  The  process  w^e  adopted  for 
this  purpose  was  founded  u}>on  the  observation  of  Graham  that  hydro- 
gen associated  with  palladium  reduced  ferri-  to  ferro-cyanide  of  potas- 
sium, and  that  generally  in  the  occluded  condition  the  element  was 
more  active  chemically.  We  had  previously  ascertained  that  hydrogen 
associated  with  other  elements,  as  platinum,  copper  and  carbon,  was 
capable  of  reducing  potassium  chlorate  to  chloride.  This  method 
seemed  to  give  trustworthy  results,  and  therefore  we  applied  it  in  this 
instance.  As  the  result  of  several  trials,  however,  we  found  that  the 
amount  of  hydrogen  associated  with  the  reduced  lead  was  almost  inap- 
preciable. Small  as  this  quantity  is,  however,  it  is  by  no  means  impos- 
sible that  it  may  be  the  cause  of  the  exceedingly  high  electromotive 
force  observed  for  the  first  few  moments  on  joining  up  a  completely 
formed  cell  immediately  after  its  removal  from  the  circuit  of  the  charg- 
ing current.  This,  however,  may  be  due,  as  Plante  imagined,  to  the 
gaseous  hydrogen  itself.  The  principal  if  not  the  only  function  of  the 
hydrogen  of  the  water  or  sulphuric  acid  is  therefore  that  of  reducing 
the  lead  compounds. 

By  a  totally  different  process  Prof.  Frankland  has  very  recently 
come  to  the  same  conclusion  as  ourselves  in  regard  to  the  exceedingly 
small  amount  of  occluded  hydrogen. 

3.  EVOLUTION  OF  OXYGEN  FROM  THE  PEROXIDE  PLATE. 

Plante  noticed  a  small  escai)e  of  gas  from  the  negative  plate  of  his 
cell   immediately  after  its  removal  from  the  influence  of  the  charging 
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current.  Tliis  he  attributed  to  a  decomposition  of  water  bv  means  of 
local  circuits  between  the  peroxide  and  the  subjacent  lead  plate  in  con- 
tact with  it. 

The  explanation  we  gave  in  our  first  paper  (this  Journal,  vol.  cxiv, 
l\  219)  of  the  local  action  which  goes  on  at  the  negative  plate  does  not 
account  for  the  escape  of  any  gas — either  oxygen  or  hydrogen.  We 
therefore  thougiit  it  of  interest  to  ascertain  the  nature,  and  if  possible 
the  origin  of  the  gas  noticed  by  Planto. 

We  found  that  the  escape  of  gas  from  a  Plante  negative  jilate  was 
very  slight,  and  soon  ceased ;  but  we  observed  that  it  became  much 
more  pronounced  when  the  temperature  of  the  electrolytic  liquid  was 
raised.  In  order  to  get  a  sufficient  quantity  of  the  gas  for  examina- 
tion, we  prepared  a  negative  plate  according  to  the  ]>rocedure  of  Faure, 
and  then  heated  it  in  dilute  acid,  with  an  arrangement  for  collecting 
the  gas  as  it  was  evolved.  The  amount  of  gas  was  still  very  small  in 
comparison  with  that  of  the  peroxide,  but  a  sufficient  quantity  was  col- 
lected to  enable  us  to  ascertain  that  it  was  oxygen.  We  next  heated 
some  of  the  electrolytic  peroxide  apart  from  the  lead  plate,  and  again 
noticed  a  similar  evolution  of  gas,  which  was  also  found  to  be  oxygen. 
This  shows,  therefore,  that  it  was  not  a  result  of  local  action. 

The  gas  has  generally  some  odor  of  ozone,  and  on  testing  the  dilute 
acid  between  the  plates  of  a  Plante  cell  we  always  found  traces  of 
something  that  blea(;hed  permanganate  of  potitssium,  and  which  might 
be  either  ozone  or  peroxide  of  hydrogen. 

The  origin  of  the  gas  noticed  by  Plante  may  be  easily  attributed  to 
the  oxygen  which  always  passes  off  in  (juantity  from  the  peroxide 
plate  during  the  process^f  "  formation."  It  is  only  necessary  to  sup- 
pose that  some  of  this  becomes  condensed  on  the  peroxide,  and  is 
gradually  eliminated  from  it  when  the  surrounding  conditions  are 
change<l.  But  the  matter  is  capable  of  another  explanation.  If  per- 
oxide of  hvdrogen  be  really/ormed  in  the  liquid,  it  will  exert  its  well- 
known  influence  on  higher  oxides,  namely,  tiiat  of  reducing  them  and 
itself  at  the  same  time.  As  a  matter  of  fact,  if  peroxide  of  lead  is 
dropped  into  peroxide  of  hydrogen,  oxygen  is  evolved. 

4.    TEMPERATURE    AND    LOCAL    ACTION. 

Plant6  has  recently  pointed  out  that  an  elevation  of  temperature  faci- 
litates the  formation  of  his  secondary  cell  {Comptrs  Rendus,  August, 
1882).     The  chimicter  of  the  chemical  changes  which  took  place  at  the 
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negative  plate  led  us  to  think  it  exceedingly  probable  that  this  increase 
in  the  rate  of  formation  arose  from  an  augmentation  in  the  amount  of 
local  action.  Experiment  showed  such  to  be  the  case.  Pairs  of  simi- 
lar negative  plates  on  Plante's  model  Avere  allowed  to  remain  in  repose 
at  11°C.  and  50°C.  respectively,  and  the  formation  of  the  white  sul- 
phate was  visibly  more  rapid  at  the  iiigher  than  at  the  lower  tempera- 
ture. The  same  is  also  true  with  negative  plates  prepared  by  Faure's 
process.  Thus  we  found  that  two  similar  plates  kept  in  repose  for  an 
hour,  the  one  at  11°C.  and  the  other  at  50°C.,  formed  by  local  action 
2*6  and  7*4  per  cent,  of  lead  sulphate  respectively.  On  two  other 
plates  the  proportions  were  7*6  and  9-5  per  cent,  respectively.  These 
observations  of  course  by  no  means  exclude  the  idea  that  an  increase 
of  temperature  may  facilitate  the  other  chemical  changes  that  take 
place  in  the  formation  of  a  lead  and  lead-oxide  cell. 


FEMBERTON'S   METHOD   FOR  THE  VOLUMETRIC 
ESTIMATION  OF  PHOSPHORIC  ACID. 


By  Prof.  G.  C.  Caldwell. 


[From  advance  sheets  of  tlie  Second  Report  of  the  Cornell  University  Experiment 

Station.] 


Mr.  H.  Pemberton,  Jr.,  has  described  (Journal  Franklin  Insti- 
tute, March,  1882,  p.  184)  a  new  method  for  the  volumetric  determi- 
nation of  pliosphoric  acid,  especially  in  fertilizers,  by  a  standard  solu- 
tion of  ammonium  molybdate;  he  adds  the  precipitant  to  the  suitably 
prepared  solution  of  the  fertilizers  as  long  as  a  precipitate  is  produced, 
the  final  tests  for  further  precipitation  being  made  Avith  small  filtered 
portions  of  the  solution  under  examination.  He  pre))ares  his  standard 
solution  by  dissolving  89*543  grams  of  ordinary  ammonium  molyb- 
date in  1000  cc.  of  water ;  each  cubic  centimetre  of  such  a  solution 
precipitates  3  milligrammes  of  phosphoric  anhydride.  The  solution 
of  the  phosphate  is  freed  fnjm  sili(.'a  and  organic  matter,  then  made  up 
with  as  little  excess  of  acid  as  possible,  and  just  neutralized  with 
ammonia;  2  cc.  of  nitric  acid  (sp.  gr.  at  least  1*4)  and  10  grams  of 
ammonium  nitrate  are  added,  and  the  solution  is  heated  to  60°  Cent., 
or  above,  })reparatory  to  adding  the  molybdate ;  it  is  necessary  to  apply 
the  filtration  test  only  towards  the  end  of  the  operation,  when  it 
becomes  difficult  to  discern  the  effect  of  further  addition  of  the  molyb- 
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date,  even  in   the  snpornatant  liquid  that  has  been  somewhat  clarified 
by  standing  for  a  minute  or  two. 

The  frequent  need  of  the  determination  of  2)hosphoric  acid  in  ferti- 
lizers, the  absence  of  any  thoroughly  reliable  volumetric  method  for 
this  determination,  and  the  length  of  time  required  for  the  gravimetric 
method,  when  the  acid  must  first  be  precipitated  by  molybdate,  all 
unite  to  give  special  interest  to  such  a  method  as  this,  in  which  the 
molybdate  itself,  giving  .so  sharp  a  reaction  for  the  acid,  is  used 
directly  in  the  standard  .solution. 

With  one  modificatiou  in  the  jireparatiou  of  the  standard  solution, 
and  another  and  more  important  one  in  the  mode  of  filtering  out  the 
test-portions,  the  process  has  .satisfactorily  sustained  a  series  of  careful 
tests  in  the  laboratory  of  the  University,  As  to  tlie  preparation  of  the 
standard  .solution,  Pemberton  found  that  the  ordinary  ammonium 
molybdate  of  the  druggi.sts  was  sufficiently  pure  to  give  the  standard 
directly;  in  order  to  clear  away  the  slight  turbidity  which  the  .salt 
usually  leaves  he  added  a  little  ammonium  hydrate.  It  was  observed 
by  Dr.  Newbury,  then  analyst  to  the  Station,  that  in  the  case  of  the 
molybdate  supplied  to  us,  a  notable  degree  of  alkalinity  was  communi- 
cated to  the  solution  by  the  quantity  of  ammonium  hydrate  required 
to  clarify  it,  and  that,  con.seqneiitly,  the  necessary  acidity  ])roduced  by 
the  nitric  acid  added  in  the  beginning  to  the  solution  of  the  phosphate, 
became  so  much  reduced  towards  the  end  of  the  titration  after  a  con- 
siderable quantity  of  the  molybdate  had  been  added,  that  the  results 
were  un.«;atisfactory ;  in  some  instances  the  .solution  even  became 
slightly  alkaline  before  the  ))reci])itation  was  completed.  In  order  to 
avoid  this  difficulty  the  molybdate  .solution  was  filtered  after  the  addi- 
tion of  a  few  drops  of  ammonia  at  the  most,  and  then  standardized 
by  a  .solution  of  phosphorus  salt  in  which  the  phosphoric  acid  had 
been  carefully  determined  l)y  molybdate  and  magnesia  mixture  in  the 
usual  manner. 

As  to  the  manner  of  taking  out  the  final  test-j)ortious,  even  when 
this  ojicration  is  performed  as  described  by  Mr,  l\Mnberton,  this 
method  of  determining  phosphoric  acid  is  Mn(|iicstionably  more  expe- 
ditious than  the  usual  i)rccipitation  method  ;  but  the  necessity  of  fil- 
tering out  each  test-portion  in  the  ordinary  way  tln-oiigh  a  liltcr  lias  its 
evident  objections.  For  this  liltration  we  have  used  in  this  laboratory 
with  entire  success  a  litth;  contrivance  that  was  ai)j)lied  with  like  suc- 
Kiesa  .some  years  sinc(!   in   the  determination  of  sulj)huric  acid    by  a 
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standard  solution  of  barium  chloride,  in  a  modification  of  Wildenstein's 
method  as  described  by  Freseuius.  The  apparatus,  as  still  further 
improved,  more  recently,  is  shown  in  the  adjoining  figure.  The  internal 
diameters  of  the  bent  tubes  a  and  b  should  be  about  one  millimetre, 
and  that  of  the  mouth  at  a  about  five  millimetres.  The  length  of  the 
arm  a  may  of  course  be  adapted  to  the  depth  of  the  beaker  used. 
To  prepare  the  filter  for  use  a  small  perforated  platinum  cone,  or  a 
tangle  of  fine  platinum  wire,  is  crowded  into  the  throat  of  a  so  that  it 
will  not  fall  out  when  the  mouth  of  the  tube  is  downwards ;  suction 
is  applied  at  6  by  a  rubber  tube  to  the  mouth  or  connected  with  the 
exhaust ;  a  is  dipped  for  an  instant  only  in  a  very  thin  asbestos  pulp, 
and  the  suction  is  continued  while  the  filter  is  then  plunged  into  water 
and  till  the  wash  water  comes  through  clear;  it  is  then  ready  for  use 
In  using  it,  the  only  precaution  to  be  observed,  and  that  is  an  essen- 
tial  one,  is  never  to   plunge  .the  filter   into  a  liquid  unless  suction  is 


applied  to  it,  and  to  continue  the  suction  as  long  as  it  reniains  in  the 
liquid  ;  otherwise  the  asbestos  and  cone  may  fall  out  of  the  tube.  The 
filter  being  thus  withdrawn,  the  liquid  contained  in  it  and  in  the  tube 
a  is  drawn  over  into  the  test-tube ;  tAvo  or  three  drops  of  the  molyb- 
date  solution  are  run  directly  into  c  to  test  for  complete  precipitation, 
the  rubber  cork  and  its  two  tubes  being  meanwhile  conveniently  hung 
on  a  hooked  wire  attached  to  the  lamp  stand ;  the  test  being  completed 
by  heating  the  contents  of  the  test-tube  just  up  to  boiling,  the  liquid  is 
poured  back  into  the  beaker  and  the  tube  is  rinsed  also  into  the  beaker 
with  a  very  little  hot  water ;  when  the  next  test-portion  is  to  be  fil- 
tered out  the  first  filtrate  drawn  over  is  poured  back  into  the  beaker, 
thus  using  this  portion  to  wash  out  of  the  filter  and  tube  the  last  por- 
tions of  liquid  adhering  to  it  from  the  previous  filtration.  The  final 
reaction  is  so  sharp,  that,  towards  the  end  of  the  titration,  wc  have 
found  it  sufficient  to  add  to  the  solution  in  the  beaker  only  the  few 
drops  of  molybdate  added  to  the  test-portion. 
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In  the  following  table  the  results  are  given  of  our  tests  of  this 
method  of  detennining  phosphoric  acid.  The  solutions  of  the  phos- 
phates analyzed  and  of  the  niolybdate  were  prepared  by  Dr.  Xewbury, 
and  the  gravimetric  determinations  by  the  ordinary  molybdate  method 
were  also  made  by  him.  The  several  volumetric  tests  following  were 
made,  using  these  solutions,  by  Dr.  Newbury  (I),  Dr.  S.  M.  Babcock 
(II),  then  instructor  in  the  chemical  department,  and  myself  (III),  and 
in  every  case  in  entire  ignorance  of  the  results  obtained  by  the  others. 
Mr.  Furry  (IV),  at  present  the  analyst  of  the  station,  prepared  his 
own  solutions  throuohout. 


station 
Number. 


Grav. 


Vol. 


II. 
Vol. 


III. 
Vol. 


IV. 
Vol. 


235 

13-lt 
13"  14 

rv-.T 

13-13 

13-18 

13-15 

12-39 

13-12 

259 

12-47 

12-:« 

12-44 

12-34 

12-41 

12- :« 

12-45 

12-47 

261 

9-1.-) 

9-20 

!l-OS 

9-2(1 

9-34 

0-21 

!>-26 

y-<i.') 

8-!»7 

9-:?7 

^ 

8-97 

272 

l.'l'C9 

13-57 

13-75 

13-82 

13-82 

13-.77 

13-81 

13-09 

13-72 

13 -Wl 

l.S-63 

Mo.st  of  these  results  speak  well  iu  favor  of  the  method,  and  it 
appears  to  be  capable  of  greater  accuracy  than  is  jicre  indicated  ;  for 
in  most  cases,  and  a|)|)a'.-ently  in  accordance  with  Mr.  I'emberton's 
directions,  larger  (juantities  «)f  the  molybdute  were  added  between  each 
test  towards  the  clo.sc  of  the  titration  than  were  necessary  ;  these  aildi- 
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tions  should  be  made  by  0*1  cc.  at  the  mast.  But  the  results  obtained 
in  the  case  of  No.  261  do  not  agree  closely  enough  hardly  even  for 
technical  work  ;  there  seemed  to  be  some  source  of  error  there  which 
may  be  revealed  by  a  further  examination  of  the  j)hosphate.* 

T  am  permitted  by  Dr.  S.  M.  Babcock,  now  chemist  of  New  York 
State  Experiment  Station,  to  mention  in  this  connection  his  good  suc- 
cess in  determining  reverted  acid  by  precipitation  with  magnesia  mix- 
ture from  the  ammonium  citrate  solution,  according  to  Johnson's 
method,  solution  of  the  precipitate  in  nitric  acid,  and  titration  with 
standard  molybdate. 

[The  yellow  phosijho-molybdate  has  frequently'  been  used  as  a  basis  of 
calculation  in  determining  small  quantities  of  phosphorus  in  analyses  of 
iron  and  its  ores.  But  never,  to  my  knowledge,  has  it  heretofore  been  suc- 
cessfully employed  where  large  percentages  of  P^O-,  were  to  be  determined. 
Previous  to  the  investigations  of  Dr.  Gibbs,  on  the  i^hospho-niolybdates, 
many  chemists  were  in  doubt  as  to  whether  the  yellow  precipitate,  with  its 
extraordinary  formula,  actually  was  a  definite  chemical  compound  or  not. 
Different  analj'ses  of  it  varied  as  much  as  30  per  cent,  on  the  total  P.^O,  con- 
tained therein.  Eggertz  and  Finkuer  showed  how  the  precipitate  could 
be  formed  so  as  to  vary  in  per  cent.  P2O3  within  moderate  limits,  and  the 
phosi^horus  estimations  in  iron  and  steel  were  thereupon  based  upon  the 
direct  weighing  of  the  yellow  salt. 

It  appears  to  be  an  impossibility,  however,  to  ])recipitate  the  pure  yellow 
salt,  with  the  ratio  of  M0O3  to  P^Oj  exactly  as  24  :  1,  when  the  usual  nitric 
acid  solution  of  the  molybdate  is  employed.  Because  the  length  of  time 
during  which  the  solution  must  stand  in  the  heat,  and  the  large  excess  of 
the  i>recipitaut  required,  cause  more  or  less  MoO,.  to  fall  with  the  pre- 
cipitate. 

It  is  very  evident,  therefore,  if  there  is  any  tendency-  in  the  .same  direc- 
tion when  the  aqueous  molybdate  solution  is  employed,  that  the  vo  umetric 
process  would  be  unreliable,  and  the  error  a  radical  one.  Happily,  how- 
ever, tiiere  is  no  danger  of  this  ;  there  cannot  ])ossibly  be  an  excess  of  the 
molybdate  in  the  .solution,  except  the  fraction  of  a  cubic  centimetre  at  the 
very  end  of  the  titration.  My  original  experiments,  together  with  the 
subsequent  experience  of  nearly  three  years,  are  corroborated  by  the  above 
criticism  of  Prof.  Caldwell,  and  they  all  go  to  prove  the  constancy  and 
reliability  of  the  process. 

It  may  be  worth  noting,  that  this  is  the  only  known  volumetric  proce.ss 

*  Since  the  publication  of  the  above,  Prof.  Caldwell  writes:  "To  what 
appears  in  this  report  I  might  add  that  quite  a  number  of  additional  ana- 
lyses of  the  same  fertilizers  have  since  been  made  by  my  students,  and 
with  as  good  results  as  they  get  hy  any  other  method.  I  always  use  the 
suction  filter  de.scril)ed  in  the  pajicr  that  you  will  receive,  and  which  I 
think  Mr.  Pemberton  will  like  as  an  auxiliary  to  his  method." 
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of  determining  phosphoric  acid  when  iron  or  alumina  are  present,  or  wlien 
the  solution  is  a  nitric  acid  one. 

Tlie  onl.v  drawback  I  have  found— that  of  determining  with  quickness 
the  final  point  of  the  reaction— has  been  very  largely  overcome  by  the 
happy  idea  of  Prof.  Caldwell,  illustrated  in  his  paper  above. 

It  is  evident  tliat  tiiis  little  portable  Bunsen  filter  can  be  used  with  advan- 
tage in  many  other  volumetric  methods  of  direct  precipitation,  and  would 
doubtless  give  a  practical  nature  to  a  variety  of  processes  otherwise  ditfi- 
cult  or  tedious. 

Henby  Pemberton,  Jr.] 


SIZE  OF  DROPS  AND  THE  U.  S.  DISPENSATORY. 


By  Professor  Charles  F.  Himes,  Ph.D.,  Carlisle,  Pa. 


In  the  recent  edition,  the  15th,  of  the  U.  S.  Dispensatory,  among 
other  modes  of  approximate  measurement,  in  the  administration  of 
medicines  given,  is  that  by  drojis,  and  in  calling  attention  to  the  con- 
ditions affecting  the  size  of  drops,  the  statement  is  made,  that  "  the 
drops  from  a  full  bottle  should  be  less  than  from  one  more  or  less 
emptied."  There  is  no  indication  that  the  statement  rests  upon  direct 
tests,  and  it  is  so  decidedly  at  variance  with  the  results  of  experiment, 
that  it  seems  but  pro])er  that  attention  should  be  called  to  it.  Other 
conditions  remaining  the  .same,  drops  diminish  in  size  as  the  bottle  is 
emptied,  and  to  such  a  degree  that  any  one  can  satisfy  himself  of  the 
fact  in  a  few  minute-s.  The  circumstance  which  first  directed  ray 
attention  to  the  subject  will  illustrate  also  the  degree  of  variation  in 
size.  It  Wits  assigned  to  a  student  in  the  laboratory,  as  an  exerci.se,  to 
ascertain  how  far  drops  might  be  substituted  for  more  precisely  meas- 
ured quantities  of  liquids  in  nudving  comparative  determinations  for 
domestic  or  even  commercial  purposes.  As  a  i»rcliminary  test  of  the 
degree  of  uniformity  of  resuhs,  the  hardness  of  a  constant  ([uantity  of 
the  same  sample  of  water  was  <lestr(>yed  by  dropj>ing  into  it  standard 
soap  solution,  from  the  same  l)()ttle,  and  the  same  jjortion  of  the  lip. 
The  nund)er  of  drops  of  course  varied,  but,  after  some  skill  had  been 
acquired  in  using  the  m-thod,  in  a  series  of  experiments,  the  number  of 
drops  rej)<)rted  as  required,  indicated  regidarly  increasing  hardness  for 
four  experiments,  then  a  sudden  diminution,  succeeded  by  regular 
increase.  U|)on  watching  the  |)rocedure  of  the  stiulent,  there  seemed 
to  be  no  condition  varying  with  the  same  regularity  excej)!  the  amount 
of  liquid    in  the  bottle,  and  con-sequent  size  of  the  drops ;  and  upoji 
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performing  the  experiments  by  filling  the  bottle  up  to  the  same  mark 
for  each  trial,  the  previous  periodicity  disappeared,  and  the  uniformity 
of  results  was  greater  than  had  been  anticipated.  Subsequent  experi- 
ments with  different  bottles,  and  different  licjuids,  demonstrated  that 
the  differences  in  size  of  drops  occasioned  by  the  variation  in  the 
amount  of  liquid  in  a  bottle  were  not  such  as  might  in  all  cases  be 
overlooked  with  prudence  in  the  administration  of  medicines,  and  that 
the  method  of  drops,  untrustworthy  at  best,  was  rendered  much  more 
so  from  this  fact.  Upon  reference  to  an  older  edition  of  the  Dispensa- 
tory, on  hand  at  that  time,  no  allusion  to  the  effect  upon  the  size  of  the 
drops  of  the  amount  of  liquid  iu  the  bottle  was  made,  and  it  seemed 
hardly  necessary  to  call  attention  to  a  fact  presumably  known  to  any 
who  had  employed  the  method. 

Since  sending  the  preceding  hastily  prepared  note  upon  the  size  of 
drops  I  have  taken  the  opportunity  to  run  over  the  literature  of  the 
subject  as  given  in  the  American  Journal  of  Pharmacy,  not  then  at  my 
command,  and  am  surprised  that,  with  the  painstaking  character  of 
the  investigation  of  the  conditions  affecting  the  size  of  drops,  this  one 
of  the  degree  of  fullness  of  the  bottle  is  practically  uninvestigated, 
and  left  among  the  undetermined  conditions. 

In  1830,  Durand*  called  attention  to  a  series  of  experiments  by  Dr. 
Shuttleworth,  and  their  appreciation  by  the  College  of  Physicians  of 
London,  and  gave  as  the  conclusion  from  experiments  of  his  own? 
"  that  the  practice  of  prescribing  fluid  medicines  by  drops  is  altogether 
objectionable,"  and  that  ignorance  of  the  conditions  affecting  size  of 
drops  may  lead  to  serious  coui^equences.  After  .summing  up  the  usual 
conditi(ms  of  density  of  liquid,  cohesion  of  particles,  shaj)e  of  the 
mouth  of  the  vessel,  etc.,  he  remarks,  "  besides,  in  every  instance,  the 
first  droi)s  poured  from  any  vase  are  always  smaller  than  those  subse- 
quently obtained."  There  is  no  indication  whatever  that  he,  in  the 
most  indirect  manner,  intends  to  allude  to  the  condition  of  the  bottle 
as  to  fullness,  but  simply  to  a  fa(;t,  which  the  author  has  not  verified, 
that  the  fcv)  drops  first  passing  over  the  lip  of  the  vessel  are  smaller 
than  the  subsequent  ones. 

In  1858,  Bernoullif  gave  results  of  investigations  with  great  accu- 

*  American  Journal  of  Pharmaxu/,  vol.  1,  j).  1()5. 

^  S':hwf'j,zr.r.  Z/Atsehr.f.  Pharm.,  1858,  pp.  97—100;  A)a.  Jour.  Phar.,  vol. 
xxxi,  p.  441. 
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racy,  "  keeping  in  view  tlie  nature  of  the  vessel,  the  temperature,  the 
rapidity  of  dropping,  and  other  circuiu?>tanees  calculated  to  affect  the 
weight." 

In  18G0,  Proctor'^  calls  attention  to  the  well-established  variation  in 
size  of  drops,  with  form  and  size  of  vessel,  with  density  and  viscosity 
of  liquids,  "and  according  to  some  other  of  its  qualities  not  yet  well 
understood." 

In  1864,  (^uin,  in  the  Druggist  and  Chemist,f  prefaces  an  abstract 
of  very  careful  and  exhaustive  investigations  by  Guthrie  of  the  con- 
ditions affecting  the  size  of  drops  by  a  remark  upon  "  the  diificulty  of 
obtaining  a  standard  drop,  a  difficulty  which  is  still  more  increased  by 
the  knowledge  that  even  when  the  same  vessel  and  liquid  are  used  the 
differences  are  almost  as  great  as  those  alrea<]y  cited." 

Parrish,  on  experimenting  with  ounce  vials  of  water,  found,  in  seven 
trials,  the  drops  required  for  a  fluidrachm  to  vary  between  thirty-two 
and  sixty-five. 

Guthrie  investigates  most  fully  "  the  physical  relations  existing 
between  the  matter  on  which  the  drop  is  formed,  the  liquid  constitut- 
ing the  drop  itself,  and  the  medium  through  which  it  passes,"  a  con- 
dition not  clearly  expressed  before;  but,  after  enumeration  of  the  other 
usual  conditions,  as  given  by  Guthrie,  (^uin  remarks:  "The  condi- 
tion, however,  which  has  the  greatest  effect  upon  the  size  of  the  drop 
is  the  interval  which  takes  place  between  the  successive  drops,  and 
called  by  Prof.  Guthrie  the  growth-time." 

The  careful  experiments  by  Prof.  Guthrie  upon  the  influence  of  this 
condition  are  quoted,  with  his  conclusion  that,  "on  the  whole,  the  law 
seems  to  be,  the  slower  the  dropping  the  smaller  the  drop."  This  wtis 
regarded  as  a  most  interesting  fact  to  the  pharuiacist,  as  showing  "  the 
influence  of  rate  in  dispensing  drops." 

The  pa})cr  (jf  Prof.  Guthrie  is  highly  ('<)nimendod  for  its  exhibition 
of  talents  and  patience  in  investigation,  and  this  "enormous  and  evi- 
dently most  fruitful  field  "  of  investigation  commended  to  him.  Hut 
although  growth-time  may  in  some  way  be  involved  in  the  degree  of" 
fullness  of  the  bottle,  in  not  the  remotest  manner  is  the  latter  condition 
alluded  to. 

In  an  editorial  of  the  American  Journal  of  Pharmaci),  Vch.,  1877, 
vol.  40,  diffeiences  in  size  of  drops,  of  from  30  to  100  per  cent.,  from 

*  Lon.  Phnrm.  .Tour.,  July  -,  ISiiO;  Aii\.  J'hunn.  Jonr.,  vol.  xx.xii,  p.  428.. 

fAiii.  ,](>iir.  I'lmr.,  vol.  xx.wi.  j».  't'll. 
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the  same  vessel,  is  remarked  upon,  and  the  experiments  of  Durand, 
before  mentioned,  are  alluded  to. 

In  1880,  Talbot*  gives  an  account  of  experiments  upon  this  subject, 
alludes  to  those  of  Durand  and  Bernouilli,  and,  in  summing  up  his 
results,  gives  the  opinion  that  "  the  administration  of  powerful  medi- 
cines by  drops  is  always  dangerous,"  that  "  a  single  bottle  is  incon- 
stant" as  to  size  of  drops,  that  "cohesion  exerts  the  greatest  influence 
upon  the  bulk  of  drops,  temperature  very  little  effect,  and  rapidity  of 
dropping  almost  none," — the  last  conclusion  being  at  variance  with 
that  of  Guthrie,  previously  given. 

In  none  of  these  papers  has  the  condition  mentioned  and  illustrated 
in  my  first  note,  been  alluded  to. 


NOTES  ON  THE  METALLURGY  OF  NICKEL  IN  THE 
UNITED  STATES. 


By  William  P.  Blake,  F.  G.  S.,  New  Haven,  Conn. 

[Read  at  the  Boston  Meeting  of  the  American  Institute  of  Mining  Engineers,  Feb.,  1883.] 


The  metallic  element  Nickel,  discovered  by  Cronstedt  the  mineral- 
ogist, in  the  year  1751,  as  a  peculiar  metal  in  kupfer-nickel,  remained 
for  a  long  time  comparatively  unknown  in  its  true  characters.  It  was 
at  first  obtained  as  a  secondary  or  by-product,  in  the  manufacture  or 
extraction  of  cobalt,  being  found  concentrated  in  the  cobalt  speiss  left 
in  the  pots  when  smalt  or  cobalt-blue  glass  was  manufactured.  Cobalt 
at  that  time  was  the  product  chiefly  sought,  and  nickel  in  its  applica- 
tions was  unknown.  Since  the  discovery  of  the  artificial  ultra-marine 
blue,  the  demand  for  wjbalt  has  been  lessened,  while  the  increasing  uses 
of  nickel  have  made  it  of  first  importance,  and  the  conditions  are  thus 
reversed.! 

But  tlie  nickel  so  produced  from  the  residues  was  contaminated  with 
copper,  iron  or  arsenic,  and  in  this  condition  it  entered  into  the  com- 
position of  the  familiar  alloy  commonly  known  as  German  silver,  but 
properly  known  as  nickel  silver. 

The  so-called  nickel  or  nickel  bronze  was  a  complex,  irregularly 
conslituted  alloy,  in  which  less  than  one  per  cent,  of  arsenic  was  suffi- 
cient to  greatly  modify  its  physical  properties.     And  it  was  difficult  to 

*  Am.  Jour.  Fhar.,  vol.  lii,  p.  337. 

t  Bee  Daubr6e,  Substances  Minerales,  p.  158. 
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free  tlie  metal  from  this  element.  It  may  be  said  that  until  within  a 
few  years,  tlie  element  nickel,  in  its  true  characters  and  in  a  compara- 
tively pure  condition,  was  commercially  unknown. 

To  the  scientific  chemists,  however,  its  true  physical  properties  early 
became  known,  though  not  without  some  contradictory  and  varying^ 
results,  at  first,  resulting  no  doubt  from  minute  differences  of  compo- 
sition of  their  samples  according  to  the  nature  of  the  processes  employed 
for  the  extraction  of  the  metal.  Richter  found  that  nickel  oxide 
strongly  ignited  in  an  earthen  crucible  w'ith  carbon,  gave  the  metal  in 
a  perfectly  malleable,  ductile  condition.  It  could  be  hammered  cold  or 
hot  into  plates  y-J 75-th  of  an  inch  in  thickness,  and  could  be  drawn  into 
wire  Jgth  of  an  inch  in  diameter.*  Its  malleability  was  found  to  be 
diminished  by  cjirbon  or  manganese.  On  the  other  hand,  Tupputi 
found  that  nickel  reduced  in  the  presence  of  carbon  in  a  covered  char- 
coal crucible  and  under  glass,  formed  more  or  less  nickel-graphite, 
absorbed  a  portion  of  carbon,  and  was  less  ductile  than  zinc.  It  was 
brittle  wdien  cold,  and  was  as  fusible  as  cast  iron  (Erdman),  while  the 
metal  obtained  by  Richter  was  difficult  of  fusion.  He  also  noted  that 
nickel  could  be  welded,  but  Tourte  found  that  it  welded  but  imper- 
fectly. 

Deville  cited  cobalt  and  nickel  as  metals  with  useful  physical  prop- 
erties but  little  known,  such  as  malleability,  ductility,  and  a  tenacity 
supassing  that  of  iron.  He  showed  that  these  metals  could  be  worked 
at  a  forge  with  the  same  facility  as  iron ;  that  they  were  susce})tible  of 
being  employed  in  the  same  manner  and  were  less  oxidable.f 

Inasmuch  as  nickel  first  became  known  commercially  in  the  indus- 
trial arts  in  the  form  of  an  alloy,  there  were  no  special  attempts  to  pro- 
duce the  metal  in  a  state  of  extreme  purity.  The  nickel  silver  of 
commerce  answered  all  the  existing  demands,  and  was  of  coui*se  much 
easier  to  make,  and  chetiper  than  the  pure  nickel.  It  found  a  large 
and  rai)idly  extending  consumption  as  a  substitute  for  silver  spoons 
and  forks  and  for  silverware  generally,  especially  when  the  new  art  of 
electro-plating  was  developed  by  Spencer,  Smee,  and  others.  The  nickel 
silver  was  specially  well  ada|)ted  to  receive  and  hold  the  deposit  of 
silver,  and  it  is  to  tiiis  day  the  mo.st  desirable  alloy  for  plating. 

The  use  of  nickel  alloy  for  small  or  subsidiary  coins  next  made  an 
increased  demand  for  nickel.     Tentative  efibrts  were  made  by  Dr. 

*  Cited  in  Gmeliii  v.  ;^61. 

t  Comptt's  Rendus  de  1' Academic. 


62  3Ietallurgy  of  Nickel  in  the  United  States.        [Jonr.  Frank.  Inst., 

Feuchwanger,  in  New  York,  in  the  year  1837,  and  he  actually  issued 
many  small  one-cent  and  three-cent  pieces,  made  of  a  nickel  alloy,  the 
exact  composition  of  which  he  was  careful  not  to  state,  but  called  it 
"  Feuchtwanger's  Composition."  Switzerland  commenced  using  nickel 
alloy  coins  in  1850;  the  Ignited  States  in  in  1857,  though  sample  coins, 
one-cent  pieces,  had  been  made  by  Prof.  James  C  Booth,  at  Philadel- 
phia in  1853,  the  prepared  alloy  containing  from  5  of  nickel  and  95 
of  copper,  to  as  high  as  30  of  nickel,  and  70  of  copper.  The  alloy 
adopted  by  law  consisted  of  12  of  nickel  and  88  of  copper.  The  five- 
cent  pieces  now  in  circulation  are  made  of  an  alloy  of  25  parts  of  nickel 
and  75  parts  of  copper.  In  1860,  Belgium  adopted  an  alloy  of  the 
same  proportions,  for  small  coins.  Other  countries  have  followed,  until 
the  use  of  nickel  alloy  for  small  coins  may  be  said  to  be  almost  universal 
in  the  chief  commercial  countries.  Up  to  June  30th,  1876,  the  United 
States  had  alone  issued  of  the  five-cent  nickel  to  the  extent  of  $6,716,129 
in  value.  Another  sudden  demand  for  a  larger  supply  of  nickel  sprang 
up  when  the  art  of  depositing  nickel  by  electricity  was  perfected.  The 
many  and  increasing  applications  of  this  art  need  not  be  here  enumer- 
ated. It  is  sufficient  to  state  that  at  the  present  time,  they  constitute  a 
large  part  of  the  present  consumption  of  the  metal  in  this  country, 
where  the  art  may  be  said  to  have  originated  in  a  successful,  practical 
form. 

Nickel  ore  is  more  generally  distributed  throughout  the  mineral- 
bf^aring  portions  of  the  United  States  than  is  generally  supposed.  It 
is  commonly  associated  with  chrome  ores  from  Canada  to  Maryland,  on 
the  Atlantic  side,  and  equally  with  the  chrome  ores  of  the  Pacific  slope, 
notably  in  Oregon,  It  is  also  a  common  associate  of  magnetic  pyrites 
in  the  Archaean  rocks,  being  found  in  Litchfield  county,  in  Connecti- 
cut; in  the  Highlands  of  the  Hudson,  in  New  York  and  in  New  Jer- 
sey ;  and  especially  at  Lancaster  Gap,  in  Pennsylvania,  where  the  chief 
supply  of  nickel  has  been  obtained  for  the  United  States.  This  ore 
yields  from  1^  to  2  per  cent,  of  nickel,  but  is  enriched  by  smelting  at 
the  mine  into  a  matte  containing  10  per  cent,  or  more  of  the  metal. 
This  locality  was  worked  some  thirty  years  ago  by  Prof.  James  C. 
Booth  and  others,  of  Philadelphia,  and  some  nickel  alloy  was  made. 
Some  ten  years  later  Mr.  Jo.seph  Wharton  purcha.sed  the  works  and 
established  the  industry  at  Camden,  N.  J.,  opposite  Philadelphia,  where 
it  has  since  been  carried  forward. 

A  large  portion  of  the  metal  produced  at  these  works  by  Mr.  Whar- 
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ton  has  been  used  at  the  United  States  mint  for  tlie  subsidiary  small 
coins,  and  a  considerable  amount  has  been  exported.  Since  the  devel- 
opment of  nickeling  by  galvanism,  a  large  part  of  the  prodnct  has  been 
put  into  the  form  of  nickel  salts  and  anodes. 

But  Mr.  Wharton  not  being  content  with  the  production  of  impure 
aiickel,  early  commenced  experimenting  to  determine  whether  nickel 
could  not  be  produced  in  a  pure  and  malleable  condition,  snsce])til)le  of 
being  worked  in  nearly  the  same  manner  as  iron,  and  of  being  apj)lied 
in  the  manufacture  of  various  objects  requiring  strength  of  material 
and  a  material  that  cannot  be  easily  oxidized.  One  of  his  earliest 
experiments  was  to  take  the  somewhat  spongy  mass  got  by  reduction  of 
the  oxide  of  nickel,  and  after  heating  it  to  full  rednes.s,  work  it  under 
a  steam-hammer  into  a  bar. 

In  1873,  Mr.  AVharton  sent  to  the  Vienna  Exhibition  a  sample  of 
nickel  in  the  form  of  axles  and  axle  bearings,  and  at  the  exhibition  in 
Pliiladelphia  in  1876,  he  exhibited  a  remarkable  .series  of  objects  made 
of  wrought  nickel,  such  as  bars,  rods,  a  cube,  a  horse-shoe  magnet  and 
magnetic  needles  of  forjjed  nickel.  These  did  not  excite  the  interest 
to  which  they  were  entitletl  as  a  remarkable  advance  in  the  working 
of  this  little-known  metal.  The  exhibit  did  not  cause  much  comment, 
and  it  was  not  specially  described  or  reported  upon,  so  far  as  I  am 
aware,  except  by  the  judges  who  reported  the  exhibit  to  the  Commis- 
sion as  worchy  of  an  award  in  the  following  terms:  "A  fine  collection 
of  nickel  ores  from  Lancaster  County,  Pa.,  with  nickel-matte,  metallic 
nickel  in  grains  and  cubes,  and  manufactured  nickel,  both  cast  and 
wrought;  nickel  magnets  and  magnetic  needles,  ca.st  cobalt,  electro- 
plating with  nickel  and  cobalt,  and  salts  and  oxides  of  both  these 
metals;  the  whole  showing  a  remarkable  degree  of  progress  in  their 
metallurgical  treatment.""^ 

Some  of  the  same  objects  formiMl  of  wrought  nickel,  were  sent  over 
to  Paris  two  years  later,  and  were  exhibite<l  in  the  American  Section  in 
1878.  There,  as  in  Pliiladelphia,  they  did  not  at  first  excite  any  sur- 
])rise,  or  receive  any  special  attention.  Very  few  persons  realized  what 
the  objects  really  were,  and  that  they  were  very  different  from  a/loi/s 
of  nickel.  In  fact,  very  few  chemists  had  ever  .seen  nickel.  Pure 
nickel  was  a  rarity,  a  curiosity,  ju.st  as  samples  of  indium  or  thallium 
are  to-day. 


*Report8  and  Awards,  Group  one,  G40,  p.  47<i. 
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You  cau  then,  perhaps,  imagine  the  incredulity  of  the  expert  chem- 
ists and  metalhirgists  of  Europe,  when  whole  ingots  and  forged  bars  of 
metal  and  numerous  finislied  articles  of  pure  wrouglit  nickel,  without 
alloy,  were  offered  for  their  inspection.  These  articles  not  differing 
greatly  in  their  appearance  from  the  higher  grades  of  nickel  alloys,  or 
from  electro-nickeled  objects,  they  passed  tiiem  without  surprise.  No 
preyious  exhibition  had  been  so  rich  in  exhibits  of  the  use  of  nickel 
and  in  the  products  from  them.  The  influx  of  the  pure  carbonated 
and  oxidized  ores  from  New  Caledonia,  had  greatly  stimulated  the 
nickel  industry  in  Europe,  and  had  improved  the  quality  of  the 
alloys  of  nickel.  New  companies  had  been  formed  to  manufacture 
nickel  silver  and  to  produce  nickel  from  these  superior  ores,  at  a  lower 
cost  than  had  before  been  possible.  Christofle  of  Paris  had  just  erected 
extensive  works  at  St.  Denis,  and  had  made  a  most  brilliant  display  of 
his  products  in  one  of  the  main  avenues  of  the  Exposition.  The 
Vivians  of  Swansea  and  other  exhibitors  had  large  cases  filled  with 
beautiful  objects  of  hollow  and  solid  ware  made  of  nickel  silver.  Amid 
these  various  exhibits  of  striking  tours  deforce,  the  modest  little  show- 
case from  the  United  States  with  examples  of  manufactures  of  pure 
wrought  nickel,  not  alloy,  could  hardly  be  expected  to  excite  attention 
and  win  the  golden  award,  which  was  most  cheerfully  accorded  as  soon 
as  the  fact  was  demonstrated  by  analysis  that  the  objects  were  really 
of  the  pure  metal.  Some  of  the  objects  now  shown  were  at  that  exhi- 
bition, and  have  retained  their  brilliant  polish  and  lustre  unimpaired. 
These  notable  advances  in  the  metallurgy  of  nickel,  made  with  the 
lean  and  sulphuretted  ores  of  Lancaster  Gap,  prepared  the  way  for 
greater  advances. 

Dr.  Fleitman  of  Iserlohn,  Westphalia,  Prussia,  has  improved  and 
cheapened  the  operation  of  refining  the  nickel  and  toughening  it,  and 
has  reduced  the  liability  to  the  presence  of  blow-holes  in  castings  by 
adding  to  the  molten  charge,  in  the  pot,  when  ready  to  pour,  a  very 
small  quantity  of  magnesium.  This  is  immediately  decomposed,  mag- 
nesia is  formed,  and  graphite  is  separated.  It  would  seem  that  the 
magnesium  decomposes  the  occluded  carbonic  oxide,  or  reduces  it  to  a 
minimum.  The  magnesium  must  be  added  with  great  care,  and  in 
small  portions,  as  it  unites  explosively  with  the  charge.  It  is  stirred 
in.  About  one  ounce  of  magnesium  is  sufficient  for  60  pounds  of 
nickel.  Three-quarters  of  an  ounce  to  54  pounds  of  metal  has  been 
used  with  success  by  Mr.  Wharton.     The  nickel  from  the  ore  at  Lan- 
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caster  Gap,  seems  uot  to  require  as  much  as  tlie  foreign  metal.  It  is 
to  be  noted  tliat  complete  malleability  of  nickel  was  obtained  at 
Wharton's  Works  in  Camden,  before  Fieitman's  invention  or  process, 
but  this  last  is  more  rapid  and  better  than  the  old  method.  The  metal 
«o  treated  becomes  remarkably  tough  and  malleable,  and  may  l)e  rolled 
into  sheets  and  drawn  into  wire.  Cast  ])lates  can  be  successfully  rolled. 
The  cast  plates,  such  as  are  made  for  anodes,  after  reheating,  are  rolled 
down  to  the  desired  thickness.  It  is  found  that  it  is  a  great  improve- 
ment to  the  nickel  anode  plates  to  roll  them  down.  They  dissolve  with 
greater  uniformity  in  the  bath.  Nickel  so  treated  with  magnesium 
lias  been  rolled  into  sheets  as  thin  as  paper.  Expensive  works  for 
rolling  the  metal  have  been  erected  by  Mr.  Wharton  at  Camden. 
There  is  already  a  train  of  40-inch  rolls,  18  inches  in  diameter,  with 
annealing  ovens  and  gas  furnaces  and  their  adjuncts,  and  a  90  hoi'se- 
power  engine.  At  present  this  mill  as  well  as  the  works  for  producing 
the  metal,  and  the  mine  also,  are  "shut  down." 

The  largest  sheet  yet  rolled  at  Camden  was  72  inches  long  and  24 
inches  wide,  of  pure  nickel. 

Dr.  Fleitman  has  also  succeeded  in  welding  sheet  nickel  upon  iron 
and  upon  steel  plates,  so  as  to  coat  them  equally  on  each  face  with  a 
layer  of  nickel.  The  quantity  i)referred  by  weight  is  -^^  iron  and  -^ 
nickel,  one-tenth  of  nickel  being  placed  on  each  surface.  To  secure 
union  the  iron  or  steel  njust  be  perfectly  flat  and  clean.  A  pile  is 
made  with  outer  facings  of  sheet  iron  to  protect  the  nickel  from  scaling. 
Wiieu  the  whole  is  heated  to  the  proper  degree,  it  is  passed  through 
the  rolls.  The  two  metals  become  so  firmly  united  that  they  may  after- 
wards be  rolled  down,  two  or  three  together,  or  separately,  to  the  thin- 
ness desired. 

The  samples  exhibited  were  cut  from  sheets  made  at  Mr.  \N'harton's 
works  at  Camden.  One  sample  No.  20  gauge,  10  per  cent,  nickel ; 
one  sample  No.  22  gauge,  10  per  cent,  nickel;  one  sample  showing 
edge  ol"  sheet. 

These  are  all  examples  of  nickel  upon  iron.  I  also  show  a  thin 
.she(.'t  of  pure  nickel  annealed.  The  physiaU  properties  of -the  two 
metals,  iron  and  nickel, -are  so  nearly  the  same  that  they  work  well 
together.  The  nickel  surface  cannot  be  reuKived  or  regained  in  the 
scrap  and  waste  ex<'ept  by  dissolving  out  the  iron  core  by  dilute  sul- 
phuric acid.  In  the  earlier  experiments,  the  ingots  or  cast  plates  were 
beaten  under  the  hammer ;  this  j)roilu<'ed  a  great  deal  of  scale  and 
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waste,  as  with  iron,  but  this  is  now  avoided,  partly  by  the  device  of  a 
thin  covering  of  sheet  iron  which  is  afterwards  dissolved  off.  Dr. 
Fleitman  claims  to  have  produced  steel  wire  similarly  coated,  and  pro- 
poses to  make  nickeled  boiler  plates. 

The  applications  in  the  arts  of  such  nickeled  iron  sheets  as  I  have 
described,  will  readily  suggest  themselves.  Up  to  this  time  the  most 
direct  uses  seem  to  be  in  making  hollow  ware,  particularly  culinary 
vessels.  The  manufacture  has  already  begun  at  Schwerte,  by  Dr. 
Fleitman,  and  a  great  variety  of  vessels,  such  as  saucepans  and  kettles 
have  been  turned  out,  some  of  them  of  pure  sheet  nickel.  They  are 
all  verv  beautiful  in  appearance,  resembling  highly  finished  platinum 
vessels  more  than  ordinary  ware.  When  planished  and  buffed  off,  the 
surface  becomes  like  a  mirror,  and  will  answer  the  purpose  of  one. 
The  small  vessel  exhibited  is  made  of  nickeled  iron,  and  will  show  the 
facility  with  which  the  compound  sheet  metal  may  be  stamped,  spun 
up,  and  polished.     Much  larger  specimens  of  ware  might  be  shown. 

This  ware  is  believed  to  be  far  superior  to  tinned  iron  or  tinned 
copper  for  cooking  in.  The  nickel  is  not  only  less  liable  to  corrosion, 
but  is  harder,  will  wear  longer,  and  cannot  be  melted  off  by  overheat- 
ing. The  Avare  is  lighter  and  stronger  than  tin  or  copper  ware ;  is 
susceptible  of  a  high  polish  and  is  not  easily  tarnished.  It  appears  to 
be  well  adapted  to  the  manufacture  of  dishes,  salvers  and  covers  for 
the  table.  The  coating  of  nickel  applied  by  welding  is  stronger  and 
tougher  than  that  deposited  by  electrolysis,  and  appears  to  be  less 
liable  to  scale  off.  The  electrically  deposited  metal  is  in  some  cases 
very  brittle,  and  no  doubt  contains  sufficient  hydrogen  to  essentially 
modify  the  physical  characters  of  the  coating. 

My  purpose  in  this  article  is  chiefly  to  record  some  of  the  most 
notable  advances  in  the  metallurgy  of  nickel  made  in  the  United 
States,  and  particularly  to  direct  attention  to  the  production  by  Mr. 
Joseph  Wharton  at  his  works  in  Camden,  before  the  year  1876,  of 
pure  nickel  in  a  malleable  state  and  in  considerable  quantities,  and  the 
manufacture  of  useful  artick>s  from  it  by  forging  and  working  it  in 
the  same  manner  as  iron  is  forged  and  worked;  thus  exhibiting  for 
the  first  time,  in  the  "  large  way,"  the  true  physical  characters  of  this 
metal,  and  its  adaptation  to  many  purposes  in  the  arts,  as  had  already 
been  partly  indicated,  in  the  "  small  way,"  by  scientific  chemists  in 
their  laboratories. 

I  also  desire  to  direct  attention  to  the  improved  magnesium  process 


July,  1883.]  The  Holman  Lantern  Microscope.  67 

of  Dr.  Fleitman ;  to  the  manufacture  of  nickeled  iron  and  steel  in 
rolled  sheets,  and  to  the  industries  which  the  possession  of  pure  nickel 
in  commercial  quantities  renders  possible. 


THE  HOLMAN  LANTERN  MICROSCOPE. 


By  John  A.  Ryder, 

Enibryologist  to  the  V.  S.  Fish  Commission. 


The  instrument  illustrated  was  recently  made  by  Mr.  Josepli  Zciit- 
raayer,  of  Philadelphia,  and  presented  by  subscription  to  the  Franklin 
Institute.  It  is  the  invention  of  Mr.  D.  S.  Holman,  Actuary  of  the 
Institute,  and  is  not  only  adapted  to  show  transparent  photographs,  but 
may  also  be  converted,  in  a  few  minutes,  into  a  projecting  microscope,  po- 
lariscope,  megascope,  vertical  lantern,  as  well  as  into  a  table  microscope. 
The  condensors  of  the  lantern  are  ftve  inches  in  diameter,  and  the  whole 
apparatus  is  constructed  in  the  most  substantial  way,  and  every  part 
and  accessory  is  of  the  best  Morkmanship.  The  principal  and  most 
important  feature  of  the  apparatus  consists  in  making  the  object  to  be 
projected  when  the  apj)aratus  is  to  be  used  as  a  microscope,  or  as  a 
megascope,  the  centre  of  all  the  })rojecting  and  illuminating  apj>aratus. 
The  lantern  upright  which  carries  the  projecting  lens  or  microscope, 
and  the  upright  which  carries  the  lens  and  mirror  for  the  vertical  lan- 
tern and  the  lantern  itself,  swing  around  a  common  centre  which  is 
placed  exactly  below  the  centre  of  the  stage  on  which  the  object  rests. 
This  enables  the  operator  to  arrange  with  the  greatest  facility  the  rela- 
tive positions  of  eacii  of  these  parts  in  any  desirable  j)osition  in  respect 
to  the  object.  This  feiiture  it  is  claimed  has  never  before  been  accom- 
plished, and  makas  the  lantern  more  complete,  especially  as  a  mega- 
scope. The  lantern  and  jet  are  movable,  independently  of  each  other, 
by  means  of  racks  and  pinions.  By  tiiis  arrangement  the  conjugate 
foci  of  the  condensor  may  be  changcnl  to  .suit  low  and  high  powers  and 
narrow  and  wide  angle  objectives,  doing  away  with  all  secondary  con- 
densors and  accomplishing  these  adjustments  better  and  with  much 
greater  facility.  The  raising  and  lowering  of  the  lantern  is  effected 
by  a  peculiarly  constructed  dutch,  which  rigidly  holds  the  instrument 
in  any  inclinal  position.  The  instrument  is  packed  in  a  truncated 
pyramidal  box,  containing  also  the  accessories,  and  forming  at  the 
same  time  a  firm   stand  for  the   lantern,  on  which   it  may  be  rotated 
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when  ill  use.  In  consideration  of  the  fact  that  the  instrument  can  be 
used  for  such  a  variety  of  purposes  for  lecture  ilhistrations,  it  cannot 
be  regarded  as  other  than  a  marked  improvement  upon  a  similar  cla.ss 


r 


Holrnan  Lantern  Microscope, 
of  instruments  hitherto  used  for  such  pur])oses.     In  the  ilkistration 
and  projecting  of  living  forms  alone,  in  conjunction  with  a  number  of 
ingenious  devices  .serving  as  live  cages,  Mr.  Hoiman  has^lone  a  real 
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service  for  the  cause  of  educatioii.  Wliile  it  is  perhaps  not  possible 
to  enter  into  an  ehiborate  or  detailed  studv  of  anv  oroanic  fornis  of 
even  a  moderate  degree  of  complexity,  if  projected  only  for  a  few 
moments  upon  a  screen,  it  is  nevertheless  a  fact  that  the  correct  like- 
nesses of  such  cieatures,  so  shown,  gives  the  beholder  a  far  truer 
appreciation  of  what  the  things  are  of  which  he  reads  in  books  than 
he  might  possibly  obtain  elsewhere,  j)rovided  the  lecturer  is  able  to 
explain  in  a  lucid  manner  and  unravel  the  complicated  life  histories  of 
the  living  beings  of  which  he  displays  enlarged  images.  In  these 
living  animal  or  perhaps  plant  pictures  we  have  displayed  two  classes 
of  facts,  namely,  those  of  type  and  those  of  function.  To  the  trained 
biologist  they  call  to  mind  the  occult  processes  of  growth  and  re})ro- 
duction  by  which  the  forms  bei'ome  what  we  see  them  to  be.  This 
implies  that  a  wide  range  of  data  is  to  be  considered  ;  first,  there  is 
the  development  and  evolution  of  the  form,  together  with  what  this 
indicates  as  to  its  systematic  relationship;  second,  the  vital  actions  dis- 
played involve  the  consideration  of  physiological  processes,  and  these 
again  those  internal  quasi-chemical  and  physical  actions  and  inter- 
actions by  means  of  which  the  creature  is  enabled  to  maintain  its  exist- 
ence and  individuality.  If  such  j)roblems  are  not  worth  elucidating, 
we  may  ask  what  others  there  are  which  are  worthy  of  elucidation. 
The  physiologist  who  solves  the  problem  of  the  life  actions  of  an 
amoeba  or  a  maggot  has  put  us  in  a  fair  Avay  of  appreciating  those  of 
a  man.  If,  therefore,  better  anrl  clearer  ideas  of  animal  existence  can 
be  fostered  in  young  minds  by  the  aid  of  any  oj)tical  appliance  what- 
soever, that  a})[)liance  should  be  welcome  as  an  aid  in  j)ractical  objec- 
tive instruction.  No  less  effective  is  this  instrument  in  the  illustration 
of  many  common  facts  in  jjliysical  science.  The  range  of  its  applica- 
bility seems  indeed  to  be  limited  only  by  the  resources,  ingenuity  and 
abilitv  of  the  lecturer. 


Electric  Navigation.— Sylvanus  1'.  Thomson  descril)es  the  new 
electric  l)oat  which  has  lately  been  tried  upon  the  Thames.  The 
experiments  have  shown  that  the  electric  machinery  is  both  lighter  and 
more  com|)act  than  steaiu  matJiiMcry  of"  a  corr('<|)onding  power,  that  the 
noise  and  the  viliratious  are  largely  reduced,  nnd  that  it  completely  sup- 
presses all  the  inconvenience  of  smoke,  which  appears  inseparable  from 
steam  navigation,— Xa  Xatuir,  Oct.  21,  1882.  C. 


70  Theory  of  Electromagnetic  Machines.      [  Joiir.  Frank.  Inst., 

Nickel  Crucibles. — M.  Mermet  recomraends  the  use  of  nickel 
crucibles  instead  of  silver,  in  chemical  manipulations.  They  are 
slightly  attacked,  it  is  true,  by  melted  potash,  but  silver  itself  is  not 
indifferent  to  this  action.  They  cost  at  first  much  less  than  silver,  and 
moreover  they  have  the  great  advantage  of  melting  at  a  higher  tem- 
perature. It  often  happens,  in  fact,  that  inexperienced  chemists  melt 
their  silver  crucibles  in  heating  them  over  a  gas  lamp ;  such  an  acci- 
dent is  not  to  be  feared  with  nickel  crucibles. —  Chron.  Industr.,  Feb. 
25,  1883.  C. 

Theory  of  Electromagnetic  Machines.  —  Tresca's  experi- 
ments with  Deprez's  machines  give,  for  the  first  time,  the  value  of  the 
well-known  but  unexplained  loss  of  work.  This  loss  has  been  attrib- 
uted to  different  causes.  Joubert  thinks  that  the  following  is  the  most 
important.  All  machines  with  continuous  currents  are  composed  of  a 
certain  number  of  elements,  such  as  the  strands  of  the  Gramme  ring, 
wliich,  when  the  macliine  acts  as  a  receiver,  pass  from  a  position  in 
which  the  potential  energy  has  a  maximum  value  W^J,  to  another,  dia- 
metrically opposite,  of  minimum  value  TFj.  The  difference  W^^ — W^, 
represents  the  electromagnetic  work  furnished  by  tlie  strand  in  passing 
from  the  first  position  to  the  second.  In  order  that  the  movement 
may  continue,  it  is  necessary  to  reverse  the  direction  of  the  current  in 
the  strand,  or,  in  other  words,  to  destroy  the  electric  energy  wiiich  it 
possesses,  and  restore  the  primitive  energy  W„.  This  operation  is 
repeated  twice  in  eacli  revolution  for  each  strand.  It  is  known,  expe- 
rimentally, that  in  the  receiving  machine  the  change  of  current  must 
be  made  befoi-e  the  strand  passes  the  line  of  the  poles.  The  position 
of  the  commutator  is  given  analytically  by  the  condition  that  the 
electromagnetic  work,  11^, —  TFj,  must  be  a  maximum.  Ijike  consider- 
ations may  be  applied  to  the  machine  when  working  as  a  generator. 
All  the  coefficients  which  enter  into  the  equations  can  be  determined 
directly.  Tlie  verification  of  tlie  theory  is,  therefore,  comparatively 
easy.  It  is  indirectly  confirmed  by  tlie  values  which  Trosca  has  given. 
The  value  which  they  give  for  the  coefficient  of  self-induction  hi 
Dei)rez's  machines  is  of  the  same  order  of  magnitnde  as  the  observed 
value.  [Cliase's  discovery  that  the  work  of  gravitation,  at  sun's  sur- 
face, during  a  half  rotation,  gives  the  velocity  of  light,  and  Webber's 
electromagnetic  ratio,  lend  additional  interest  to  this  theory.]  —  Comptes 
Rendus,  March  5,  1883.  C 
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Rainbow  Glass. — The  soap-bubble  colors  upon  glass  are  produced 

by  a  vapor,  Avliich  is  deposited  on  the  hot  ghiss  before  it  goes  into  the 
annealing  oven.  The  vapor  comes  from  a  mixture  of  protochloride  of 
tin,  carbonate  of  baryta,  and  carbonate  of  strontian.  It  is  said  tliat 
tlie  workmen  of  a  Bohemian  manufacturer,  wishing  to  celebrate  his 
arrival,  kindled  some  Bengal  lights  in  the  annealing  furnaces,  and  the 
pieces  which  were  in  the  furnaces  all  became  iridescent.  The  colors 
can  be  removed  by  hard  rubl)ing.  Messrs.  Clemandot  and  Fremy 
produced  a  pearly  lustre,  like  tiiat  of  shells,  by  means  of  different 
chemical  agents,  chlorhydric  acid  among  others,  under  pressures  of 
four,  five  or  six  atmospheres.  They  were  thus  able  to  imitate  the 
magnificent  glasses  of  antiquity,  which  have  become  iridescent  through 
the  lapse  of  time. — Bull,  de  la  Soc.  (V  Encour.  C. 

Photographing  the  Solar  Corona.— Huggins  has  succeeded, 
by  the  aid  of  colored  glasses  and  solutions  of  potassic  manganate,  in 
photographing  the  corona.  Using  a  Newton  3-inch  telescope,  with  a 
focal  distance  of  3|  iaei,  he  obtains  a  very  distinct  photographic  image 
of  the  sun,  without  any  perceptible  defect.  AVhen  tiie  exposure  is 
very  rapid  there  can  be  seen  around  the  sun,  under  suitable  conditions 
of  illumination,  tlie  interior  corona,  which  is  more  regular  in  form 
than  the  exterior  corona,  and  which  extends  al>out  a  (juarter  of  a  solar 
diameter  beyond  the  sun's  image.  An  exposure  a  little  less  raj)id 
produces  a  reversal  of  the  photographic  image  of  the  sun  ;  the  inte- 
rior corona  is  absorbed  in  the  exterior,  which  appears  black,  as  in  a 
negative  proof.  If  the  exposure  is  a  little  longer,  the  reversal  is  pro- 
duced botii  in  the  solar  image  and  in  the  corona,  but  not  in  those  parts 
of  the  plate  which  are  aifectcd  by  the  atmospheric  light  alone.  After- 
wards the  plate  represents  the  corona  in  white,  as  in  a  positive  proof, 
and  the  atmospheric  light  in  black.  Then  the  straight  and  curved 
lines,  and  the  other  varied  forms  which  characterize  the  corona,  win  be 
easily  traced.  Capt.  Abncy  has  carefully  com])ared  these  plates  with 
those  which  were  taken  during  the  hust  total  eclipse.  He  does  not  doubt 
that  Huggins  is  able  to  ))hotogra|)h  tlie  corona  at  any  time,  without 
Avaiting  for  e<'lij)ses  which  occur  only  tiftecn  times  in  a  century.  The 
n(!W  method  will  enable  observer,  especially  in  southern  climates  and 
at  high  elevations,  to  make  this  phenomenon,  which  is  onr'  of  so  great 
im|)ortance  in  solar  resejireh,  the  sulyect  of  daily  study. —  Comptcs 
lieiulm,  .Jan.  2,  1«83.  C. 
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A  New  Food.  — According  to  the  Chemiker  Zeitmig,  M.  Muller 
has  evaporated  skimmed  milk  in  a  vacuum,  so  as  to  obtain  a  perma- 
nent product,  which  can  be  preserved  for  many  months  in  a  dry  atmos- 
phere, and  which  has  vahiable  alimentary  properties.  He  thinks  that 
it  mav  be  of  great  use  in  pastry,  and  in  various  kinds  of  baking,  and 
the  best  sugar  ot  milk  can  be  made  from  it.  The  skimmed  milk 
which  is  collected  in  dairies  and  cheese  factories  is  usually  given  to 
animals  or  wasted  in  sewage;  it  contains,  however,  large  quantities  of 
salts,  and  particles  of  butter  and  casseine,  which  can  be  utilized  by 
Muller's  method.— i^etJ.  Scientif.,  Jan.  6,  1883.  C. 

Influence  of  Fluids  upon  Sound  Waves. — Felix  Auerbach 
publishes  the  following  experimental  results:  1.  The  geometrical  low- 
ering of  tone,  which  a  fluid  produces  in  a  cylindrical  glass  which  it  • 
completely  fills,  diminishes  in  magnitude  with  the  height  of  the  tone 
of  the  empty  glass.  2.  The  arithmetical  lowering  which  a  fluid  pro- 
duces in  a  cylindrical  glass  of  medium  register  is  nearly  inversely  pro- 
portional to  the  square  root  of  the  number  of  vibrations  of  the  empty 
glass.  3.  The  lowering  which  a  fluid  produces  in  a  (f^lindrical  glass 
which  it  completely  fills  is  not  perceptibly  dependent  upon  the  height 
of  the  glass.  4.  The  geometrical  lowering  in  cylindrical  glasses  of 
different  diameters  is  greater  the  narrower  the  glass.  5.  The  arith- 
metrical  lowering  is  approximately  inversely  proportional  to  the 
square  root  of  the  diameter  of  the  glass. — Ann.  der  Phys.  u.  Chem.y 
Nov.  15,  1882.  C. 

Use  of  Liquefied  Gases. — In  Krupp's  establishment  compressed 
carbjnic  acid  is  used  for  the  manufacture  of  ice  and  of  seltzer  water.. 
Dr.  Raydt  has  taken  out  ]mtents  for  drawing  beer  under  a  pressure 
which  is  produced  by  liquid  carbonic  acid.  Major  Witte  has  provided 
the  steam  fire  engines  of  Berlin  with  pipes  for  the  discharge  of  com- 
pressed carbonic  acid  into  the  steam  chamber.  When  the  engine 
starts  from  the  station  the  boiler  is  heated  ;  on  arriving  at  the  fire  the 
carbonic  acid  is  first  employed  as  a  motor,  then  the  gas  and  the  steam 
work  together,  and  finally  steam  alone  is  used.  By  this  arrangement 
the  engine  is  brought  into  action  four  or  five  minutes  sooner  than 
would  be  otherwise  possible.  The  consumption  of  the  liquid  gas  is 
about  8  kilogrammes;  twice  the  amount  should  be  taken,  and  in  two 
receptacles,  to  allow  for  the  portion  which  congeals  in  cooling — Rev.. 
■  AS'cien^iJ.,  Jan.  0,  1883.  C. 
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Tea  Culture  in  France. — Experiments  have  been  undertaken  to 

acclimatize  the  tea  plant  in  the  department  of  lioire-Inferieure,  Some 
grafts  upon  camel ia  stocks  have  been  subjected  in  the  open  air  to  a 
temperature  of  18°  below  zero  ( —  •4°F.).  In  Sicily,  near  Messina, 
similar  experiments  have  been  continued  for  three  years;  120  shrubs 
have  been  exposed  in  the  open  field,  through  the  entire  winter,  and  are 
all  flourishing.  The  leaves  are  of  as  good  quality  as  the  Chinese. 
The  shrubs  are  planted  like  vines,  and  yield  two  crops  per  annum. — 
Les  Mondes,  Dec.  2,  1882.  "  C. 

Congelation  of  Solvents. — If  A  designates  the  lowering  of  the 
point  of  congelation  due  to  the  presence  of  one  part  of  any  soluble  sub- 
stance in  100  parts  of  the  solvent;  M,  the  molecular  weight  of  the 
dissolved  substance ;  T,  the  lowering  of  the  point  of  congelation  by 
a  dissolved  molecule;  F.  M.  Rault  finds  that  MA  ^=  T.  From  his 
experiments  he  derived  the  following  conclusions.  Every  body,  when 
dissolved  in  a  liquid  which  is  capable  of  solidification,  lowei^s  the  point 
of  congelation.  In  all  liquids,  the  molecular  reductions  of  congelation 
which  are  due  to  different  compounds  approximate  to  two  values,  inva- 
riable for  each  liquid,  of  which  one  is  double  the  other.  The  normal 
molecular  reduction  of  congelation  varies  with  the  nature  of  the  solvent, 
A  molecule  of  any  compound,  on  being  dissolved  in  100  molecules  of 
any  liquid,  lowers  the  point  of  congelation  by  the  nearly  constant 
quantity  0°-62  (1-°12  Y.)—('omptes  Rendu.%  Nov.  27,  1882.         C. 

Vision  of  Ultra-violet  Rays. — Mascart  thinks  that  the  views  of 
de  Chardonnet,  with  respect  to  the  office  of  the  crystalline  lens  in 
intercepting  the  ultra-violet  rays,  require  some  qualification.  Undoubt- 
edly the  humors  of  the  eye  absorb  many  of  those  rays,  but  without 
intercepting  them  completely,  and  the  retina  is  so  delicate  an  organ 
that  it  may  be  sensitive  to  the  least  radiations  which  escape  entire 
absorption.  By  employing  a  spectroscope  of  quartz  or  of  Iceland  spar 
he  found,  in  1869,  that  ordinary  eyes  see  tiie  ultra-violet  spectrum  of 
a  grayish  lavender  color.  M.  Isambert,  who  appe;ired  to  have  a  pecu- 
liarly sensitive  retina,  was  able  to  chart  the  rays  of  cadmium  vapor  in 
the  Iceland  .>«})ar  spectrum,  at  an  angular  distance  from  II,  seven  times 
as  great  as  the  luminous  sj)ectrnm.  The  wave  length  iu  this  region  is 
about  210  millionths  of  a  millimetre,  a  limit  which  Mascart  has  not 
been  able  to  reach  even  by  direct  photography. —  Comples  liendus,  Feb^ 
26,  1883.  '  C. 
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List  of  Books  Added  to  the   Library  during  April,  May, 

AND  June,  1883. 

Agricultural  Society  of  State  of  New  Jersey.  Report  of  the  23d  An- 
nual Fair,  1881.'  Presented  by  L.  S.  Ware. 

Agriculture  and  Public  Works  for  Quebec.  General  Report  of  the 
Commissioner  for  1880.  Presented  by  L.  S.  Ware. 

American  Agricultural  Association.     No.  1,  Vol.  1. 

Presented  by  L.  S.  Ware. 

American  Chemical  Society;  Journal.     A^ol.  3.     1881. 

Presented  by  L.  S.  Ware. 

American  Forestry  Congress.  Proceedings  of  1882.  Washington, 
1883.  Presented  by  L.  S.  Ware. 

American  Iron  and  Steel  Association.  Annual  Report  of  tlie  Secre- 
tary for  1883.  Presented  by  the  Association. 

Annual  Cyclopedia  for  the  year  1882,  N.  S.  Vol.  7.  New  York, 
D.  Appieton  &  Co.,  1883. 

Archives  du  Mus6e  Teyler.     Second  Series,  2d  and  3d  Parts. 

Presented  by  the  Managers. 

Astronomical  Papers,  prepared  for  the  Use  of  the  American  Epheme- 
ris.    Parts  1  and  2,  Vol.  1.    Presented  by  the  Navy  Department. 

Atwood,  G.  Propositions  determining  the  Positions  of  Floating 
Bodies  and  the  Stability  of  Ships,  1796. 

Presented  by  the  late  John  Lenthall. 

Berry  A.     Etude  sur  la  Determination  Rigoui-euse  de  la  Resistance 

des  Lar^nes.    Paris,  N.  D.    Presented  by  the  late  John  Lenthall. 
Biological  Lectures  delivered  to  the  Employes  of  the  Baltimore  and 

Ohio  Railroad  Company.  Presented  by  J.  W.  Garrett. 

Board  of  Commissioners  of  Public  Schools,  Baltimore.     Fifty-fourth 

Annual  Report  (for  1882)  to  the  Mayor.    Presented  by  the  Board. 
Bossut,  iSI.  M.     Traites  de  I'Arrimage  des  Vaisseaux.     Paris,  1810. 

Presented  by  the  late  John  Lenthall. 
Bridges.     Regulations  for  Lighting  over  Navigable  Rivers.     April, 

1883.  Presented  by  the  Light-house  Board. 

British  Association  for  the  Advancement  of  Science.     Report  for  1882. 

Presented  by  the  Association. 

Bureau  of  P^ducation.  Answers  to  Inquiries  about  the  Bureau ;  Its 
Work  and  History.     By  Charles  Warren.     Washington,  1883. 

Presented  by  the  Bureau. 

Bureau  of  Education.  Circulars  of  Information.  No.  4,  1882,  and 
No.  1,  1883.     Washington,  1883.  Presented  by  the  Bureau. 

Bureau  of  Education.  Industrial  Education  in  the  United  States. 
Washington,  1883.  Presented  by  the  Bureau. 
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Bureau  of  Statistics  of  Labor  and  Industries  of  New  Jersey.  Fifth 
Annual  Report  for  1882, 

Bureau  of  Statistics.  Treasury  Department.  Annual  Report  of  the 
Chief  relative  to  Imports,  etc.,  for  three  months  ending  Decem- 
ber 31,  1882.     Washington.  Presented  by  the  Bureau. 

Cane  Growers'  Association  of  State  of  Wisconsin.  Third  Annual 
Meeting.     1883.  Presented  by  L.  S.  Ware. 

Chicago  Historical  Society.  Constitution  and  By-Laws.  Chicago, 
1883.  Presented  by  the  Society. 

Cincinnati  Industrial  Exposition,  1883.     Rules  and  Premium  List  of. 

Presented  by  the  Society. 

Cincinnati  Industrial  Exposition.  Tenth  Report  of  the  Board  of 
Commissioners.  Presented  by  the  Board. 

Citv  Trust.  Board  of  Directors  of.  Thirteenth  Annual  Report,  for 
1882.     Philadelphia,  1883.  Presented  by  the  Board. 

Commercial  Relations  of  the  United  States  with  Foreign  Countries 
for  1880  and  1881.     Washington,  1883. 

Presented  by  the  Department  of  State. 

Compte  de  Burgues  Missiessy.  Examen  d'un  ecrit  ayant  pour  titre 
Aperyus  sur  le  Materiel  et  le  Personnel  de  la  Marine.     Paris,  1830. 

Presented  by  the  late  John  Lenthall. 

Connecticut  Agricultural  Experiment  Station  for  1881.  Annual  Re- 
port for  1881.  Presented  by  L.  S.  Ware. 

Cornell  University  Experiment  Station.  First  and  Second  Reports, 
1882  and  1883.     Ithaca.  Presented  by  the  University. 

Cornell  University  Register,  1882-83.    Presented  by  the  University. 

Dana,  Jas.  D.  System  of  Mineralogy.  New  York.  J.  Wiley  & 
Sons.     1882. 

De  Chapman,  F.  H.     Treatise  on  Shijibuilding.     Cambridge,  1820. 

Presented  by  the  late  John  Lenthall. 

De  Freminville,  A.  Traitc  Pratique  de  Construction  Xavale.  Paris, 
N.  D.     Texte  and  Plates.     Presented  by  the  late  John  Lenthall. 

Departtiient  of  Agriculture.  Re|)()rt  of  Commissioner  for  1881-82. 
Washington.  Presented  by  the  Department. 

Description  da^^  ^Machines  et  Procedes  ])our  lescjuels  des  Brevets  d'ln- 
vention  out  etc  pris.     Nouvelle  Serie.     Vol.  25.     Paris,  1882. 

Presented  by  the  Minister  of  Agriculture  and  Connnerce. 

Duhamel,  M.  Elemens  de  rArchitecture  Navale,  ou  Traite  Praticjue 
de  la  Construction  des  Yaisseau.     Paris,  1758. 

Presented  by  the  late  John  Lenthall. 

Du])in,  C.  Applications  de  Geonu'trie  et  de  Mt'chaniciuc.  Paris, 
1822.  Presented  by  the  late  .lohn  Lenthall. 

Dupin  C.     Memoires  sur  la  Marine.     Paris,  1818. 

Presented  by  the  late  John  Lenthall. 

Duj)uy  de  LAme.  Memoire  sur  la  Construction  des  Batiments  en 
Fer.     Paris,  1844.  Presented  by  the  late  John  Lenthall. 
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Engineer  Department,  U.  S,  A.  Annual  Report  of  the  Chief  of  Engi- 
neers.    Parts  1-3,  1882.    Washington. 

Presented  by  the  Department. 

Engineer  Department,  U.  S.  A.  Report  upon  the  Practice  in  Europe 
Avith  the  heavy  Armstrong,  Woolwich  and  Krupp  Rifled  Guns. 
Washington,  1883.  Presented  by  the  Department. 

Etudes  Comparatives  sur  I'Armement  des  Vaisseau  en  France  et  en 
Angleterre.     Paris,  1849.     Presented  by  the  late  John  Lenthall. 

Exposition  Internationale  d'Electricite,  1881.     Paris.     Lahure,  u.  d. 

Finchani,  John.     A  History  of  Naval  Architecture.     London,  J  851. 

Presented  by  the  late  John  Lenthall. 

Foreign  Relations  of  the  United  States,  Papei^s  relating  to  the,  Wash- 
ington, 1883.  Presented  by  the  Department  of  State. 

Fort  Monroe,  Experiments  on  the  Front  or  Shield  of  the  Experimental 
Casemate  at.     Transactions  of  American  Society  of  Civil  Engineers. 

Presented  by  the  late  John  Lenthall. 
Frazer,  Persifor.     Iron  Ores  of  the  Middle  James  River,  in  Amherst 
and  Nelson  Counties,  Virginia.     1883. 

Presented  by  the  Author. 

Frazer,  Persifor.  Cleopatra's  Needle.  Mineralogical  and  Chemical 
Examination  of  the  Rock  of  the  Obelisk. 

Presented  by  the  Author. 

Friends'  Free  Library  and  Reading  Room,  Germantown.  Annual 
Report  for  1883.  Presented  by  the  Library. 

Gaubert,  H.  C.  Essai  sur  la  Determination  des  Centres  de  Gravite. 
2d  Ed.     Paris,  1839.  Presented  by  the  late  John  Lenthall. 

General  Instructions  to  be  strictly  complied  with  by  all  Officers  and 
others  in  Her  Majesty's  Dockyards.     London,  1865. 

Presented  by  the  late  John  Lenthall. 

Guettier,  A.     Practical  Guide  for  the  Manufacture  of  Metallic  Alloys.. 

Philadelphia.     H.  C.  Baird  &  Co.     1872. 
Hutton,  Chas.     Mathematical  Taljles.     London. 

Presented  by  John  Lenthall. 
India,  Account  of  the  Operation  of  the  Great  Trigonometrical  Survey 

of.     Vols.  7  and  8.  Presented  by  the  Survey. 

India.  Memoirs  of  the  Geological  Survey.  Palseontologia  Indica. 
Ser.  14.     Vols.  1,  3.     Calcutta,  1882. 

Presented  by  the  Survey. 

Inraan  on  Naval  Architecture.     Lcmdon,  1879. 

Presented  by  the  late  John  Lenthall. 
Institution  of  Civil   Engineers.      Vol.   71.     Minutes  of  Proceedings. 
London,  1883.  Presented  by  the  Institution. 
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lustitutiou  of  Xaval  Architects.    Transactioii.s.    Vols.  1  to  22,  1860- 
1881  (Vol.  11  missing),  aud  General  Imlex  for  Vols.  1-21. 

Presented  by  the  late  John  Lenthall. 

Jahres-Bericht   (R.  Von  Wagner's)   iiber  die  Leistungen  der  Cheni- 
ischen  Technologic  fiir  1882.     Leipzig,  1883. 

Xerl,  B.     Assaver's  Mannal.     Edited  bv  William  H.  AVahl.     Phila- 
delphia.    H.  C.  Baird  &  Co.,  1883. 

Krantz,  J.     Considerations  sur  le  Roulis  des  Batiments.     Paris,  n.  d. 

Presented  by  the  late  John  Lenthall. 

Latimer,  G.  A.     Evans,  Oliver,  Historical  Sketch  of. 

Presented  by  the  Author. 

Lloyd's   Register  of   British   and    Foreign    Shipping.      1870-1871. 
London.  Presented  by  the  late  John  Lenthall. 

Leslie,  J.     Elements  of  Natural  Philosophy.     Edinburgh,  1823. 

Presented  by  the  late  John  Lenthall. 
Leslie, .J.     Geometrical  Analysis.     Edinburgh.     1821. 

Presented  by  the  late  John  Lenthall. 

Lewis,  H.  C.     Summary  of  Progress  in  Mineralogy  in  1882.     Phila- 
delphia. Presented  by  the  Author. 

Lewis,  H.  C.     The  Great  Ice  Age  in  Pennsylvania. 

Presented  by  the  Author. 

X/iterary  and  Historicid  Society  of  Quebec.     Transactions  for  1882-83. 

Presented  by  the  Society. 

Locomotive,  The.     X.  S.     \'ol.  3.     Hartford,  1882. 

Presented  by  J.  M.  Allen,  President  Hartford  Steam  Boiler  Inspec- 
tion and  Insurance  Company. 

Lucretius.    On  the  Nature  of  Things.     London.     Bell  cV:  Sons,  1880. 
Lugeol,  M.  G.     Nouveau  system  d'Arrimage  des  Batiments  de  Guerre 
Franyais.     Paris,  1848. 

Macmillan's  Magazine.     Vol.   22.       May-( October,   1870.       London. 

Presented  by  the  late  John  Lenthall. 

Mazaudier,  M.     Guide  2)rati(pie  (rArchitccturc  Xavale.     Paris,  18.'»o. 

Presented  by  the  late  John  Lent  hall. 

Mechanics'  Institute  of  San    Franci.sco.      Reports  of   the    Industrial 
Exhibitions  for  1864,  180r>,  1869,  1876,  188(»  and  1881. 

Presented  by  the  Institute. 

Mechanics'  Magazine.     Od<l  nimilK-rs  between  1849  and  18")8,  bound 
in  one  volume.  Presented  by  the  late  John  Lenthall. 

Mercantile  Library  Company  of  Philadelphia.     Si.xtieth  Annual  Re- 
port.    January,  1883.  Presented  by  the  Company. 
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Metal  Workers'  Directory.     Philadelphia,  1883. 

Presented  by  Farley,  Paul  &  Baker,  Publishers. 

Meteorological  Department  of  the  Government  of  India.  Peport  for 
1881-82.  Presented  by  the  Survey. 

Meteorological  Memoir,  Indian.     Vol.  2.     Part  1.     Calcutta,  1882, 

Presented  by  the  Meteorological  Office. 

Michigan,  Diseases  in,  during  1882.  Report  of  the  Boards  of  Health. 
Lansing.  Presented  by  the  Board. 

Michigan,  State  Board  of  Healtli  of.  Tenth  Annual  Report  of  the 
Secretary  for  fiscal  Year  ending  September  30,  1882.     Lansing. 

Presented  by  the  Board. 

Minute  of  the  First  Lord  of  the  Admiralty,  with  reference  to  H.  M.  S. 
"  Captain,"  with  the  Minutes  of  the  Proceedings  of  the  Court-Mar- 
tial,  and  the  Board's  Minute  thereon.     London,  1871. 

Presented  by  the  late  John  Lenthall. 

Moreau,  P.  J.  Sommaire  de  Cours  de  I'Ecole  Speciale  du  G6nie  Mari- 
time.    Brest,  1827.  Presented  by  the  late  John  Lenthall. 

Morgan,  W.,  and  Creuze,  A.  Papers  on  Naval  Architecture.  3  vols. 
London,  1827-1831.  Presented  by  the  late  John  Lenthall. 

Mottez,  A.     Du  Roulis.     Cherbourg,  1866. 

Presented  by  the  late  John  Lenthall. 

Naval  Architecture,  Papers  on.     Vol.  1. 

Presented  by  the  late  John  Lenthall. 

Nasmyth,  Jas.,  Autobiography  of.  Smiles,  S.  New  York.  Harper 
&Bros.,  1883. 

Naval  Construction,  Reports  on.  By  Messrs.  Read,  Chatfield  and 
Creuze.     London,  1847.       Presented  by  the  late  John  Lenthall. 

Normand,  J.  A.  Memoire  sur  1' Application  de  I'Alg^bre  aux  Calculs 
des  Batiments  de  Mer.     Paris,  n.  d. 

Presented  by  the  late  John  Lenthall. 

O'Hanly,  J.  L.  P.  Money  and  other  Trade  Questions.  Ottawa, 
1882.  Presented  by  the  Author. 

Ordnance  Department.  Report  of  the  Chief  to  the  Secretary  of  War 
for  1882.  Presented  by  the  Department. 

Our  Ironclad  Ships.  Blackwood's  Edinburgh  Magazine,  January- 
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Engineers.] 


In  tlie  study  of  any  special  class  of  machines,  it  is  often  conducive 
to  a  better  understanding  of  the  subject  clearly  to  enumerate  the  sev- 
eral types  or  forms  in  which  the  machine  is  used,  and  also  to  consider 
each  of  its  more  important  details  separately,  rather  than  in  their  com- 
bination with  other  elements  of  the  mechanism.  It  is  proposed  in  the 
following  pages  thus  to  treat  the  subject  of  cranes. 

The  only  English  text-books  descriptive  of  cranes  are  Glynn's, 
which  treats  of  English  practice  in  crane  building  as  it  existed  more 
than  thirty  years  agf),  and  sundry  catalogues  published  by  English 
dealers  in  machinery  as  a  means  of  advertising  the  products  of  the 
various  builders  of  cranes  for  whom  they  act  as  .selling  agents.  The 
practice  represented  in  the  former  Ls  now  almo.st  obsolete,  by  reason  of 
the  improvements  which  have  been  effected,  and  the  latter  consist  of 
little  but  a  series  of  pictures  of  varioas  cranes,  without  descriptive 
text,  and  with  no  information  as  to  the  details  of  their  construction. 

The  building  of  cranes  has  long  been  recognized  in  Kurope  as  one 
of  the  most  importiuit  subjects  in  the  field  of  mechanical  engineering, 
and  cranes  of  many  forms  are  there  seen  applied  to  an  almost  infinite 
Whole  No.  Vol.  CXVI.— (Thiku  Series,  Vol.  lx.xxvi.)  0 


82  Cranes  ;  A  Study  of  Types  and  Details.        [Jour.  Frank.  Inst., 

variety  of  uses.  In  America,  on  the  contrary,  cranes  are  but  little 
used  or  appreciated,  in  comparison,  at  least,  with  the  extent  of  their 
application  in  European  countries.  It  is  the  purpose  of  this  paper  to 
present  to  American  readers  a  brief  classification  and  description  of  the 
most  important  types  of  cranes,  and  a  similarly  brief  study  of  the  more 
important  elements  entering  into  their  construction,  the  object  of  the 
latter  inquiry  being  to  determine,  if  possible,  the  best  forms  of  ele- 
ments to  be  adopted. 

With  a  better  knowledge  of  crane  construction  will  surely  come  a 
better  appreciation  of  their  economy  and  value  as  labor-saving 
machines.  In  hundreds  of  mills  and  workshops  heavy  material  is  now 
moved  and  handled  by  manual  labor  at  an  expense  so  much  in  excess 
of  the  cost  of  doing  the  same  work  far  more  rapidly  and  conveniently 
by  cranes,  that  the  saving  effected  by  the  latter  would  yield  an  annual 
profit  of  from  twenty  to  fifty  per  cent,  upon  their  first  cost,  while  in 
many  cases  this  outlay  would  be  entirely  repaid  by  the  economy  of  one 
year's  use. 

CLASSIFICATION  OF  CRANES. 

A  hoist  is  a  machine  for  raising  and  lowering  weights.  A  crane  is 
a  hoist  with  the  added  capacity  for  moving  the  load  in  a  lateral  or 
horizontal  direction. 

All  cranes,  therefore,  are  provided  with  hoisting  mechanism,  and,  in 
addition,  must  be  capable  of  moving  the  load  in  one  or  more  horizon- 
tal directions.  This  second  function  is  effected  in  some  types  of  cranes 
by  simply  pushing  the  load,  in  others  by  the  operation  of  a  distinct 
mechanism. 

Cranes  are  most  clearly  classified  by  reference  to  their  modes  of 
transferring  their  loads  horizontally ;  and,  thus  considered,  are  found 
to  divide  themselves  into  the  following  groups  namely : 

1.  Rotary. — In  which  the  load  is  revolved  around  a  fixed  centre, 
such  as  a  mast  or  column. 

2.  Rectilinear. — In  which  the  load  is  moved  in  straight  lines  in  one 
or  more  directions. 

Both  types  of  cranes  are  subdivided  into  two  general  classes  as  to 
their  movements,  namely : 

{A.)  Fixed. — When  their  supporting  members  are  fixed  in  some 
permanent  location. 

{B.)  Movable. — When  the  crane  as  a  whole  can  be  moved  about. 
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And  into  four  other  general  classes  as  to  their  source  of  motive 
power,  namely : 

(a.)  Hand. — When  the  motions,  either  vertical  or  horizontal,  are 
effected  by  manual  power. 

(6.)  Power. — When  the  motions  are  effected  by  power  derived  from 
line  shafting  driven  by  a  stationary'  engine  or  other  fixed  motor. 

(c.)  Steam. — AVhen  the  motive  power  is  derived  from  a  steam 
engine  attached  directly  to  the  crane  itself  and  moving  with  it. 

(d.)  Hydraulic. — When  the  motive  power  consists  of  hydraulic 
pressure  obtained  from  a  pump  or  accumulator,  and  carried  to  .the 
crane  by  pipes. 

A  further  distinction  is  covered  by  the  term  locomotive,  which  is 
applied  to  cranes  (usually  of  the  rotary  type)  which  are  capable  of  pro- 
pelling themselves  upon  a  roadway  or  track. 

Rotary  cranes  comprise  the  following  principal  types : 

1.  Sicing  Cranes. — In  which  the  central  mast  is  pivoted  to  the  floor 
and  roof  of  the  building,  and  the  load  is  suspended  from  a  block  fixed 
at  the  outer  end  of  an  arm  projecting  horizontally  from  the  mast,  the 
only  horizontal  motion  being  one  of  rotation. 

2.  Jib  Cranes. — In  which  the  central  mast  is  pivoted  to  the  floor 
and  roof  of  the  building,  and  the  load  is  suspended  from  a  trolley 
traveling  in  and  out  upon  an  arm  or  jib  projecting  laterally  from  the 
mast. 

3.  Column  Cranes. — Which  consist  of  a  jil)  crane  constructed  to 
revolve  around  or  upon  a  tixwl  column  forming  the  supjwrt  of  a 
building  or  floor. 

4.  Pillar  (Jranes. — In  which  the  central  colunni  or  pillar  is  entirely 
supported  by  a  heavy  foundation  built  at  its  base,  and  the  load  is  sus- 
pended from  a  boom  projecting  from  the  pillar  and  revolving  with  it 
or  around  it. 

5.  Derrick  Cranes. — Which  consist  of  a  jib  crane  for  yard  us^,  the 
upper  end  or  pivot  of  the  mast  being  held  in  position  by  guy-rods  or 
stays,  instead  of  by  attachment  to  a  roof  or  ceiling. 

6.  Walldng  Cranes. — Which  con.sist  of  a  pillar  or  jib  crane  mounted 
on  wheels  and  arranged  to  travel  by  power  or  by  hand  upon  one  or 
more  rails. 

7.  Locomotive  Cranes. — Which  consist  of  a  pillar  crane  mountetl  on 
wheels,  and   provided  with  a  steam   engine  and   bitiler,  the   power  of 
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which  is  available  for  operating  the  crane  and  for  propelling  it  upon 
its  tracks. 

Rectilinear  Cranes  comprise  the  following  principal  types : 

1.  Bridge  Cranes. — In  which  a  fixed  bridge  spans  an  opening,  and 
the  load  is  suspended  from  a  truck  or  trolley  capable  of  moving  across 
the  bridge. 

2.  Tram  Cranes. — In  which  a  truck  or  short  bridge,  from  which 
the  load  is  suspended,  is  arranged  to  travel  longitudinally  upon  a  pair 
of  overhead  rails,  but  is  without  capacity  for  transverse  motion. 

3.  Traveling  Cranes. — In  which  a  rectangular  space  is  provided 
with  overhead  tracks  upon  two  opposite  sides,  and  is  spanned  by  a 
bridge  arranged  to  travel  longitudinally  upon  these  tracks,  the  load 
being  suspended  from  a  truck  or  trolley  capable  of  moving  transversely 
across  the  bridge,  so  that  the  load  may  be  moved  to  or  from  any  point 
within  the  entire  rectangle. 

4.  Gantries. — In  which  an  overhead  bridge  is  supported  at  each 
end  by  a  frame  or  trestle  extending  downward  and  having  wheels  in 
its  base  to  permit  of  travel  upon  two  longitudinal  tracks  laid  upon  the 
ground  so  that  the  entire  structure  can  move  endwise  upon  the  latter, 
and  the  road,  which  is  suspended  from  a  truck  or  trolley  on  the  bridge, 
can  be  moved  transversely  across  the  bridge. 

5.  Rotary  Bridge  Cranes. — Which  combine  a  rotary  with  a  recti- 
linear movement  and  consist  of  a  bridge  having  one  end  pivoted  to  a 
central  pier  or  post,  while  the  other  or  outer  end  travels  on  a  circular 
overhead  track  or  is  supported  by  a  gantry  frame  traveling  upon  a  cir 
cular  track  upon  the  ground,  the  load  being  suspended  from  a  truck 
or  trolley  traveling  transversely  across  the  bridge. 

The  above  nomenclature  will  be  adhered  to  in  the  following  descrip- 
tions of  crane  construction. 

HOISTING   GEAR. 

The  most  important  factor  in  the  economy  and  convenience  of  a 
crane  is  the  mechanism  by  which  the  load  is  lifted  and  lowered,  as  it 
must  necessarily  come  into  action  every  time  the  crane  is  used. 

In  all  applications  of  power,  from  whatever  source  derived,  it  must 
be  remembered  that  the  gearing  of  a  machine  can  only  modify  the 
power  applied  in  one  or  two  ways,  namely : 

(1.)  By  reducing  its  velocity,  and  proportionally  decreasing  its  force 
or  "pull." 
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(2)  By  increasing  the  velocity,  and  proportionally  decreasing  the 
intensity  of  the  power  transmitted. 

Under  no  circumstances,  unless  the  motive  force  is  increased,  can 
power  be  gained  except  by  a  sacrifice  of  speed,  or  can  speed  be  increased 
except  by  a  sacrifice  in  power.  If  either  or  both  must  be  increased 
without  diminishing  the  other,  it  can  only  be  accomplished  by  supply- 
ing more  motive  power. 

The  function  of  gearing,  then,  is  to  change  the  force  or  direction  of 
the  power  applied.  If  it  is  well  designed  and  constructed,  this  may  be 
done  with  only  a  small  loss  from  friction ;  while,  if  badly  made,  the 
gearing  may  absorb  much  j^ower  in  Avasteful  friction  of  its  moving 
parts. 

In  machinery  for  hoisting,  the  "  purchase,"  or  conversion  of  velocity 
into  lifting  power  is  usually  effected  partly  by  a  multiplication  of  the 
ro|)es  or  chains  of  the  tackle  through  whicli  the  load  is  suspended,  and 
partly  by  gearing  within  the  machine,  which  latter  thus  becomes  an 
important  feature  in  crane  work.  The  gearing  ordinarily  used  for  this 
purpose  consists  either  of  spur-wlieels  and  pinions,  or  of  worm-wheels 
and  worms,  or  both  coml)ined,  and  the  smoothness  and  economy  of 
power  of  the  machine  depend  largely  upon  the  manner  in  which  the 
gearing  is  made. 

A  second  feature  of  prime  importance  in  the  hoisting  gear  of  a  crane 
is  the  mode  of  sustaining  the  load,  and  guarding  against  its  "  running 
down"  when  the  application  of  the  motive  ])ower  is  discontinued.  This 
ha.s  heretofore  been  accomplished,  in  machines  having  spur-gearing, 
by  a  ratchet-wheel,  the  pawl  of  which  has  to  be  entirely  disengaged  to 
permit  lowering  to  occur,  or  by  a  brake  which,  when  on,  prevents  all 
njotion  of  the  machine,  and  which  requires  to  be  lield  or  thrown  off 
both  in  hoisting  and  lowering.  In  machines  having  worm-gearing,  the 
end  is  attaincnl  by  a  construction  of  their  worm-wheels  such  that  the 
friction  between  the  worm  and  the  wiieel  is  sufficient  to  prevent  the 
backward  rotation  of  the  worm  under  the  pi*essure  of  the  teeth  of  the 
worm-wheel  (uuised  by  the  load,  the  resistance  thus  generated  sufficing 
to  prevent  the  running  down  of  the  load. 

The  worm-wheel  system  is  usually  safe  against  accidents,  but  is  not 
economical  oi'  power  if  the  worm-gears  are  projjortioned,  as  alxjve  ex- 
plained, to  hold  the  load  suspended  without  lunning  backward  when 
the  aj)plication  of  power  ceases,  a.s  is  usually  the  ciuse.  The  spur-wheel 
system,  on  the  otiier  hand,  is  a  constant  and  inevitable  source  of  great 
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danger  both  to  the  load  and  to  the  operator.  With  the  least  careless- 
ness in  lowering,  the  load  begins  to  descend  with  great  velocity,  and 
the  mechanism  is  driven  backward  with  corresponding  speed  and  vio- 
lence. If  not  checked,  the  load  then  practically  falls  as  if  unsupported. 
If  too  suddenly  checked,  violent  strain  is  thrown  upon  the  entire  frame 
of  the  crane  and  on  its  gearing,  which  latter  is  thus  liable  to  damage, 
and  even  to  "  stripping"  or  fracture,  in  which  event  the  load  falls. 
Where  spur-geared  cranes  are  operated  by  hand,  this  "running  down" 
of  the  load  involves  a  reversing  or  "■  flying  back"  of  the  cranks,  which 
then  frequently  strike  the  men  before  they  can  escape  beyond  their 
reach.  Accidents  of  this  kind,  resulting  in  injury  to  limbs,  and  even 
in  loss  of  life,  are  constantly  happening  witli  common  cranes,  and  are 
reported  almost  daily  in  the  newspapers. 

It  is  possible,  however,  so  to  proportion  worm-gearing  as  to  place  it 
almost,  if  not  wholly,  upon  a  parity  with  spur-gearing  in  regard  to 
economy  of  power  transmitted,  and  by  the  use  of  cut  worm-wheels 
driven  by  turned  worms  or  pinions  (the  teeth  of  the  wheel  being 
formed  by  means  of  a  chasing  hob  or  cutter),  so  to  construct  worm- 
gearing  that  it  becomes  the  best  and  most  convenient  form  of  gearing 
for  use  in  crane  mechanism.  It  is  found  that  gearing  thus  made  will 
not  automatically  support  the  load,  and  that  the  latter,  if  left  sus- 
pended, will  drive  the  worm-gearing  backward ;  but  in  this  case  the 
descent  of  the  load  is  quite  slow,  and  no  perceptible  acceleration  takes 
place,  so  that  the  worm-gears  thus  act  as  a  governor  to  control  the 
load.  By  the  application  of  a  small  brake  to  the  worm-shaft,  this 
tendency  is  counteracted,  and  by  connecting  this  brake  with  the  levers 
which  control  the  motions  of  the  mechanism,  the  brake  is  easily  made 
automatic,  and  thus  securely  holds  the  load  whenever  the  crane 
mec-hanism  is  at  rest. 

In  all  cranes,  except  those  of  small  size,  provision  should  be  made 
for  one  or  more  changes  of  speed  in  hoisting  and  lowering,  so  that  the 
speed  may  be  varied  according  to  the  load  and  the  nature  of  the  work 
to  be  done.  Cranes  operated  by  power  may  be  so  constructed  that  the 
maximum  load  can  be  lifted  at  the  quickest  speed  ;  but  they  are  usually 
so  proportioned  that  this  can  be  done  only  at  a  slow  speed.  By  this 
plan,  much  economy  of  gearing,  space,  and  cost  is  effected,  and  the 
practical  efficiency  of  the  crane  for  all  ordinary  uses  is  not  impaired. 
The  most  perfect  construction  is  one  that  permits  a  change  of  speeds 
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to  be  made  whether  the  hoisting  gear  is  in  motion  or  at  rest,  and  which 
sustains  the  load  automatically  while  a  change  of  speed  is  making. 

The  hoisting  gear  of  a  crane  should  therefore  attain  the  following 
results : 

(1.)  Such  changes  in  direction  and  velocity  of  the  power  applied  as 
will  give  the  desired  motion  to  the  load. 

(2.)  The  accomplishment  of  this  with  a  minimum  loss  of  power 
through  friction. 

(3.)  Tlie  safety  both  of  the  operator  and  the  load  under  all  condi- 
tions; to  insure  which,  the  load  must  be  always  self-sustained  and 
incapable  of  running  down." 

(4.)  Capacity  for  changes  of  speed  and  for  convenient  transition  from 
one  of  these  to  another  at  will,  whether  the  gearing  is  in  motion  or  at 
rest,  and  for  the  automatic  support  of  the  load  during  the  act  of 
changing  speeds. 

TRAVERSE   GEAR. 

In  this,  as  in  the  hoisting  gear,  good  design  and  construction  aye 
essential  to  economy  of  power,  and  frequently  to  safety  against  acci- 
dents. 

In  some  types  of  rotary  cranes,  no  traverse  mechanism  exists,  except 
an  arrangement  of  parts  which  provides  for  the  rotation  of  the  crane. 
In  others,  such  as  jib  and  derrick  cranes,  provision  nuist  also  be  made 
for  moving  the  truck  or  trolley  horizontally  on  the  jib,  and  the  same 
provision  is  required  for  moving  the  trolley  of  bridge  and  traveling 
cranes  traversely  on  the  bridge.  In  all  such  cases,  a  separate  mechan- 
ism, distinct  from  the  hoisting-gear,  has  heretofore  been  employed,  and 
is  still  sometimes  desirable  or  convenient.  When  employed,  its  parts 
should  be  as  few  and  si^nple  as  possible,  and  it  should  be  so  far  inde- 
pendent of  the  hoisting-gear  as  to  permit  either  to  be  used  at  any  time 
separately  or  conjointly.  In  power  cranes  provision  should  be  made 
for  accelerating  the  speed  of  the  trolley  travel  whenever  the  nature  of 
the  work  admits  of  it.  The  best  possible  result  is  attained  when  travel 
of  the  trolley  is  effecte*!  without  varying  the  vertical  |)osition  of  the 
load,  and  without  causing  useless  movement  of  tlie  hoisting  chain  or 
rope  over  the  sheaves  through  which  it  supports  the  load,  which 
movement  would  involve  nuich  additional  friction,  and  cause  rapid 
wear  of  the  chain  or  rope. 

In  traveling  cranes,  a  })oint  of  great  imi)ortance  is  the  parallelism 
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of  the  bridge  travel  with  the  longitudinal  tracks.  Any  defect  here 
results  in  increased  resistance  to  traction,  and  any  considerable  error 
might  cause  derailment.  In  traveling  cranes,  as  heretofore  built,  the 
use  of  flanged  wheels  has  been  relied  upon  to  prevent  derailment,  and 
the  propulsion  of  the  bridge  has  been  effected  by  a  transverse  shaft 
extending  the  whole  length  of  the  bridge,  and  connected  by  gearing 
with  the  truck-wheels  supporting  each  end  of  the  bridge,  so  that,  by 
revolving  the  shaft,  the  truck-wheels  would  be  rotated,  and  the  bridge 
be  thereby  propelled,  provided  the  adhesion  between  the  wheels  and 
the  rails  was  sufficient.  In  some  instances,  where  the  adhesion  has 
not  been  sufficient  to  prevent  slipping,  a  cast-iron  rack  has  been  laid 
adjacent  to  the  longitudinal  tracks,  and  extending  their  whole  length, 
and  pinions,  gearing  into  this  rack,  attached  to  the  axles  of  the  truck- 
wheels,  so  that  propulsion  is  effected  independently  of  the  adhesion  of 
the  truck-wheels  to  the  track.  If  the  load  were  always  central  on  the 
bridge,  and  the  motive  power  always  applied  to  this  shaft  at  the  centre 
of  its  length,  this  plan  would  answer  well,  although  it  is  somewhat 
clumsy ;  but  in  practice  the  load  is  constantly  varying  in  position,  and 
the  motive  power  is  applied  at  one  end  of  the  long  transverse  shaft,  so 
that  torsion  of  the  shaft  induces  a  considerable  variation  in  the  travel 
of  the  opposite  ends  of  the  bridge.  This  error  is  a  constantly  varying 
one,  according  to  the  portion  of  the  load  resting  upon  each  truck,  as 
determined  by  the  position  of  the  trolley,  the  load  being  never  equally 
distributed  between  the  two  trucks,  except  when  it  is  exactly  in  the 
centre.  It  follows,  therefore,  that  this  system  of  bridge  travel,  although 
operative,  is  radically  defective,  and  that  its  use  involves  a  constant 
loss  of  power  by  needless  friction,  and  entails  a  proportionate  amount 
of  wear  and  tear  of  rails,  wheels,  and  driving  gear. 

A  better  and  more  simple  method  of  bridge  propulsion  has  lately 
been  introduced,  by  means  of  which  the  longitudinal  motions  of  the 
bridge  are  effected  by  pulling  each  of  its  ends,  simultaneously  and  at 
equal  speed,  in  the  desired  direction.  For  tliis  purpose,  light  wire 
cables  are  used,  which,  by  a  very  simple  and  ingenious  arrangement  of 
guide-sheaves,  are  made  to  act  as  a  "  squaring  device,"  to  hold  the 
bridge  at  all  times  perpendicular  or  square  to  the  tracks  upon  which 
it  travels.  "By  this  system,  the  friction  of  traction  is  reduced  to  a 
minimum,  and  the  danger  of  derailment  from  unequal  travel  of  the 
opposite  ends  of  the  bridge  entirely  obviated. 

From  the  above  facts,  it  becomes  evident  that  a  perfect  system  of 
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bridge  propulsion  must  liold  the  bridge  always  absolutely  square  with 
its  tracks,  and  must  propel  the  opposite  ends  of  the  bridge  in  the  same 
direction,  at  the  same  time  and  at  the  same  speed,  however  unequally 
the  load  may  be  distributed.  It  is  desirable  also  that,  in  large  cranes 
at  least,  provision  be  made  for  starting  the  bridge  slowly  from  a  state 
of  rest,  and  then  increasing  the  speed,  and  also  for  varying  the  speed, 
while  the  bridge  is  in  motion. 

CHAINS  VERSUS  ROPES,  AND  CHAIN-WHEEIJs  VERSUS  DRUMS. 

In  almost  every  type  of  crane,  the  load  is  primarily  carried  upon  a 
flexible  cord  of  some  kind.  This  usually  consists  of  rope,  either  hemp 
or  wire,  or  of  chain.  Each  of  these  has  distinctive  merits  and  objec- 
tions. 

Ropes  have  the  advantage  of  being  formed  of  many  parts  or  fibres, 
so  that  no  splicing  or  welding  is  necessary  in  their  manufacture  ;  and 
they  thus  have  an  assured  and  practically  uniform  strength  throughout 
their  length. 

Chains,  on  the  contrary,  consist  of  a  series  of  independent  links, 
each  of  which  is  formed  from  a  straight  bar,  and  welded,  so  that  a 
single  imperfect  weld  injures  the  whole,  the  strength  of  a  chain  being 
obviously  limited  by  the  strength  of  its  weakest  link.  By  care  and 
good  workmanship,  however,  this  danger  can  l)e  avoided,  in  which 
case  the  chains  becomes  as  safe  a<  the  rope,  and  much  more  durable. 

Where  a  rope  is  used,  the  hoisting-gear  nmst  necessarily  include  a 
drum  or  barrel,  upon  which  the  rope  is  wound  up  when  hoisting  takes 
place.  Chains  may  also  be  thus  wound  up  on  a  barrel,  and  this  has 
heretofore  been  the  common  practice  when  chains  have  been  employed 
in  crane  construction,  and  a  prominent  feature  in  cranes  of  large 
capacity  has  usually  been  a  projwrtionately  large  "winding-barrel"  to 
receive  the  chain.  A  chain,  however,  admits  of  another  mode  of  con- 
struction, which  consists  in  substituting  for  the  wide  barrel  or  drum  a 
pocketed  "chain-wheel,"  consisting  of  a  narrow  wheel  or  siieave,  of  a 
width  only  slightly  greater  than  that  of  the  chain,  and  having  formed 
upon  its  periphery  a  series  of  indentations  or  "  pockets,"  exactly  cor- 
responding in  size  and  shape  with  the  links  of  the  chain,  so  that  the 
chain  and  the  ])oeket'«  fit  together  accurately,  and  slipping  of  the  chain 
upon  the  chain-wheel  l)ecomes  imj)ossible.  It  thus  follows  that  rota- 
tion of  the  chain-wheel  causes  positive  motion  of  the  chain  at  a  spee<l 
ecjual  to  the  circumferential  velocity  of  the  wheel,  in  a  manner  precisely 
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similar  to  the  motion  of  a  rack  driven  by  a  pinion,  or  of  one  spur- 
wlieel  driven  by  another. 

To  be  used  in  tliis  way,  it  is  necessary  that  the  chain  should  have  a 
constant  and  uniform  "pitch,"  that  is,  that  all  the  links  should  be 
exactly  alike,  so  that  the  distance  from  link  to  link  shall  be  always  the 
same  (just  as  in  spur-gearing  the  spacing  or  pitch  of  the  teeth  must  be 
uniform),  and  also  that  the  pitch  or  spacing  of  the  pockets  of  the 
chain-wheel  corresponds  accurately  with  the  pitch  of  the  chain.  If 
this  be  done,  and  if  the  chain  have  a  cross-section  of  such  area  that, 
when  carrying  the  full  load,  it  is  not  strained  to  its  elastic  limit,  or  to 
a  degree  which  will  cause  any  permanent  elongation  of  its  links,  then 
a  chain  may  be  thus  used,  in  engagement  with  a  pocketed  chain-wheel, 
as  well  and  as  safely  as  on  a  barrel.  Indeed,  a  properly  shaped  wheel 
of  this  kind  is  much  easier  on  the  chain  than  a  winding-barrel  or  drum, 
for  the  reason  that  the  latter  has  a  cylindrical  surface,  while  the  bear- 
ing face  of  the  former  is  not  cylindrical  but  polygonal,  the  bed  or 
bottom  of  each  pocket  being  tangential  to  the  radius  at  its  centre,  and 
so  presenting  a  flat  surface  for  the  parallel  sides  of  each  alternate  link 
to  bear  upon.  When  the  chain  is  wrapped  upon  a  cylindrical  barrel, 
on  the  other  hand,  the  straight  sides  of  every  alternate  link,  being 
tangential  to  the  surface  of  the  barrel,  can  each  touch  it  at  one  point 
only,  the  link  being  unsupported  throughout  the  rest  of  its  length,  and 
the  tendency  of  the  strain  induced  by  the  load  is  to  bend  each  of  these 
links  to  the  contour  of  the  barrel.  This  effect  may  be  easily  seen  in 
any  chain  which  has  been  wrapped,  under  severe  strain,  upon  a  cylin- 
drical barrel,  unless  the  diameter  of  the  barrel  be  very  large.  The 
spiral  grooving  of  a  barrel  does  not  remedy  this  fault,  although  it 
affords  a  much  better  bearing  for  the  chain  than  a  plain  cylinder ; 
which  latter  is  only  permissible  for  small  chains  and  light  loads. 

For  heavy  cranes,  hemp  ropes  are  rarely  used,  owing  to  the  size  and 
multiplicity  of  parts  required,  and  to  their  rapid  wear.  They  are  also 
inadmissible  where  liable  to  be  exposed  to  much  iieat,  as,  for  instance, 
in  a  foundry.  Wire  ropes  are  more  available,  and  are  often  employed; 
but  these  also  wear  rapidly,  unless  the  sheaves  and  barrels  around 
which  they  pass  are  of  large  diameter,  while  this  requirement,  if  met, 
reduces  the  effective  height  of  hoists  and  necessitates  more  parts  or 
gearing  to  obtain  the  necessary  purchase,  and  augments  the  bulkiness 
of  the  machine.  Either  material  involves  resort  to  a  large  winding- 
barrel  or  drum. 
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The  usual  and  best  device  for  large  cranes  is  a  well-made  chain,  and 
this,  when  used  with  pocketed  chain-wheels  and  sheaves,  gives  the  best 
and  most  satisfactory  results,  and  leaves  nothing  to  be  desired.  The 
adoption  of  this  plan  dispenses  with  winding-barrels,  preserves  the 
shape,  and  therefore  the  durability,  of  the  links  of  the  chain,  and  in 
every  way  simplifies  and  compacts  the  mechanism. 

The  relative  merits  of  the  several  systems  may  now  be  summed  up 
as  follows : 

(1.)  As  to  the  Sustaining  Cord. 

Hemp  Ropes. — Admissible  only  for  small  cranes  not  in  frequent  use 
and  not  exposed  to  the  weather  or  to  heat. 

Wire  i^opcs.—  Available  under  any  ordinary  conditions,  but  involv- 
ing a  winding-barrel  of  large  diameter  and  large  sheaves ;  not  economi- 
cal of  space. 

Chains. — Possessing,  if  well  made,  all  advantages  and  the  greatest 
durability;  common  c/irti/i,  requiring  a  winding-drum,  but  permitting 
it  and  the  sheaves  to  be  of  smaller  diameter  than  with  wire  rope ; 
pitch  chain,  dispensing  with  a  drum  and  admitting  of  the  use  of  a 
narrow  chain-wheel. 

(2.)  ^Is  to  the  Winding  Device  for  Haiding  In  and  Paying  Out  the 

Rope  or  Chain. 

Winding-Drnms  or  Barrels. — These  must  have  a  diameter  and 
length  sucii  as  will  enable  them  to  receive  the  whole  length  of  rope  or 
chain  to  be  hauled  in  by  winding  it  upon  their  surface  in  one  coil, 
without  overlapping.  In  large  cranes,  the  load  is  usually  carried 
upon  four,  six,  or  even  eight  parts  of  rope  or  chain,  so  that  the  length 
to  be  wound  up  amounts  to  four,  six,  or  eight  times  the  effective  hoist, 
and  the  dimensions  of  the  barrel  thus  become  very  large.  Moreover, 
this  barrel  must  either  be  caused  to  travel  longitudinally  on  its  shaft, 
so  that  the  rope  or  chain  as  it  leads  off  shall  be  always  in  the  centre  of 
the  crane  and  hoisting  mechanism  (which  method  of  construction 
involves  serious  complication  and  greatly  widens  the  space  occupied 
by  the  gearing),  or  the  rope  <»r  chain,  as  it  uncoils,  be  permitted  to 
vary  in  position  from  one  end  to  the  other  of  the  barrel,  in  which  case 
it  is  nearlv  alwavs  out  of  centre,  thus  inducing  objectionable  lateral 
strains  and  causing  greater  iViclioii  and  wear. 

Chain-Wheels,  with  Pockets. — These  re(juire  a  width  only  slightly 
greater  than  a  single  part  of  the  chain,  and  a  diameter  merely  sufficient 
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to  give  the  proper  engagement  with  it,  so  that  both  dimensions  become 
much  smaller  than  in  a  winding-barrel,  and  the  total  space  occupied  is 
but  a  small  fraction  of  that  required  for  the  latter  device.  The  chain- 
ivheel  is  fixed  in  direct  line  with  the  chain,  and  all  lateral  strains  are 
avoided,  while  the  flat  bearings  afforded  for  the  chain  by  the  pockets 
preserve  the  shape  of  the  links  and  protect  them  from  bending  strains. 
The  slack  chain,  after  passing  over  the  wheel,  falls  into  a  proper  recep- 
tacle below. 

From  this  analysis  of  the  facts  is  deducted  the  proposition  that 
chains,  if  well  made,  constitute  the  best  form  of  flexible  cord  for  sus- 
taining the  load  in  a  crane,  and  that  a  well-constructed  chain-icheel  (as 
contra-distinguished  from  a  winding  barrel)  is  the  best  form  of  device 
for  hauling  in  and  paying  out  the  chain ;  and  therefore,  the  best 
method  of  crane  construction  involves  the  use  of  these  two  elements. 


A  REMARKABLE   ERROR   IN   THE   COMMON  THEORY 
OF   THE  TURBINE  WATER  WHEEL. 


Bv  J.  P.  Feizell. 


All  writers  who  have  attempted  a  theoretical  discussion  of  the  tur- 
bine water  wheel,  have  agreed  in  representing  the  centrifugal  force 
operating  to  increase  or  diminish  the  discharge  of  the  wheel,  by  a  cer- 
tain head.  The  diiference,  namely,  between  the  head  due  the  rotatory 
velocity  of  the  wheel  at  the  point  where  the  water  enters  the  wheel, 
and  the  head  due  the  rotatory  velocity  of  tiie  wheel  at  the  point  where 
the  Avater  leaves  the  wheel.  Among  those  who  have  done  so  to  my 
certain  knowledge  are  Weisbach,  Redtenbacher,  Rankine,  Morin,  and 
Bresse. 

To  all  these  philosophers  the  very  careful  and  complete  experiments 
of  Mr.  Francis  on  turbine  wheels  have  been  accessible  for  the  last 
thirty  years ;  giving  them,  liad  they  so  desired,  abundaiit  means  of 
comparing  their  theories  Avith  facts.  They  appear  to  have  ignored 
these  experiments  entirely,  and  to  have  contented  themselves  with  ex- 
hibiting the  results  of  mathematical  reasoning.  Even  in  the  late  valu- 
able and  carefully  considered  treatise  of  Weisbach,  no  attempt  is  made 
to  reconcile  his  conclusions  with  the  results  of  these  experiments  or  to 
explain  the  discrepancies  that  must  have  been  known  to  exist. 
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To  the  engineer  who  attempts  to  compare  theoretical  results  with 
those  of  experiment,  nothing  becomes  apparent  sooner  than  that  the 
above-mentioned  principle  wholly  fails  to  represent  the  action  of  cen- 
trifugal force.  Mr.  Francis,  in  his  "  Hydraulic  Experiments,"  ex- 
presses the  opinion  that  centrifugal  force  plays  a  less  important  part  in 
the  turbine  wheel  than  is  assigned  to  it  by  mathematicians,  though  he 
does  not  attempt  any  inquiry  into  the  foundation  of  the  formula  by 
which  that  force  is  represented  ;  being  probably,  like  many  others, 
content  to  regard  it  as  one  of  those  scientific  truths  which  are  only 
true  on  paper  but  not  true  in  practice ;  as  a  principle  which  water 
ought,  in  deference  to  eminent  authority,  to  observe,  but  which  its 
habitual  wilfulness  and  perversity  lead  it  to  disregard. 

It  is  always  worth  while  when  we  meet  with  a  principle,  so  called, 
which  does  not  represent  facts,  to  inquire  carefully  whether  it  be  well 
founded  in  theory. 

The  principle  in  question  is  demonstrated  by  Weisbach  in  "  Mechan- 
ics of  Engineering,  etc."  Coxc's  translation,  p.  610,  and  more  concisely 
in  the  introduction  to  his  later  work  "  Hydraulics  and  Hydraulic 
Motors,"  by  Prof.  DuBois.  I  reproduce  the  latter,  though  both  are 
essentially  the  same,  and  this  may  be  regarded  as  a  type  of  the  methods 
by  which  the  principle  is  supposed  to  be  demonstrated. 


"  If  the  path  CAB,  in  which  a  body  moves,  is  not  at  rest,  but 
turning  about  an  axis  C,  it  imparts  to  the  body  a  centrifugal  force  P, 
by  reason  of  which  the  body  either  performs  work  or  work  is  per- 
formed upon  it,  according  as  it  departs  from  or  approaclies  the  axis  of 
rotation  C.  Let  M  be  tlie  mass  of  the  body,  lo  the  constant  angular 
velocity  with  which  the  path  turns  about  C,  and  let  r  denote  the  vari- 
able distance  C  M  of  the  body  which  is  moving  in  the  path  C  A  B. 
We  have  the  centrifugal  force  of  the  body  (Art.  13)  P  =  lo-  Mr,  and 
for  the  work  done  by  this  force  while  the  body  describes  an  element 
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JHf  0  of  its  path,  and  hence,  while  the  radius  C  J/=  r  is  increased  by 
an  amount  N  0  =  d  r, 

dW=  co^  Mrdr. 
Hence  for  the  whole  work 


W  = 


2 

Now  the  velocity  of  rotation  at  the  distance  r  is  v  =  to  r,  and 
therefore 

W=^1^  =  ^G. 

When  we  substitute  instead  of  the  mass  31,  the  weight  G  =  31  g. 

If  the  body  begins  its  motion,  not  at  C,  but  at  any  other  point,  A, 
at  a  distance  r^  from  C,  where  the  velocity  of  rotation  is  v^  =  co  r^, 
we  have  for  the  work  done,  while  passing  from  A  to  31, 

W=  Ico"-  31  r^  —  ^co^  3£r,^  =  W  31  {r''  —  r^^)  =  pf  (v^  —  v,^) 

2^ 
If,  then,  a  body  moves  in  a  rigid  path  or  groove  which  revolves 
about  a  fixed  axis,  the  vis  viva  of  the  body  is  increased  or  diminished 
by  the  product  of  the  mass  (31)  and  the  difference  of  the  squares  of 
the  velocities  (v^  and  v^^)  at  the  two  ends  (A  and  31)  of  the  path,  or  by 
the  product  of  the  ^^eight  (6r)  and  the  heights 


.2g         2gJ 

due  to  these  velocities.  The  increase  takes  place  when  the  motion  is 
from  within  outward,  and  the  decrease  when  the  motion  is  from  with- 
out inward." 

Now  who  can  fail  to  perceive  that  this  demonstration  is  entirely 
erroneous,  assuming  as  it  does  that  w  represents  the  angular  velocity  of 
the  body  Jf.  In  other  words,  that  this  body  has  the  same  angular 
velocity  as  the  revolving  disc.  The  body  31  has  a  motion  along  the 
path  CAB  independent  of  its  rotatory  motion  imparted  by  the  disc. 
This  movement  is  partly  angular  and  partly  radial.  The  angular  ele- 
ment of  this  motion  must  be  added  to  or  subtracted  from  the  angular 
motion  of  the  disc  to  find  the  true  angular  velocity  of  the  body  3£  on 
which  the  centrifugal  force  depends.     This  would  lead  to  a  very  com- 
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plicated  expression  for  the  centrifugal  force,  involving  the  equation  of 
the  path  in  which  the  body  moves. 

The  above  expressions  would  be  true  if  the  body|J/  had  merely  a 
radial  movement  on  the  revolving  disc,  but  are  entirely  erroneous  as 
soon  as  an  angular  element  is  added  to  that  movement.  How  entirely 
a  formula  deduced  from  such  assumptions  must  fail  to  represent  the 
action  of  centrifugal  force  in  a  turbine  wheel  will  appear  from  this 
consideration.  All  the  above-mentioned  writers  jDrescribe  as  a  condi- 
tion of  efficiency  that  the  water  at  its  exit  from  the  wheel  should  have 
the  same  velocity  as  the  latter,  in  the  opposite  direction.  In  other 
words,  that  the  angular  velocity  of  the  water  at  that  point  must  be 
null,  while  a  moment's  reflection  will  show  that  their  formula  for  the 
centrifugal  force  can  only  be  true  upon  the  assumption  that  the  water 
has,  here  as  well  as  elsewhere,  the  full  angular  velocity  of  the  wheel. 

I  append  the  following  example  of  the  application  of  this  formula. 
In  Mr.  Francis's  experiments  of  1851  upon  a  Fourneyron  Turbine,  he 
measured  the  discharge  and  useful  effect  at  all  velocities,  from  the  con- 
dition in  which  the  wheel  was  held  fast  by  the  brake,  to  that  in  which 
it  ran  entirely  free.  In  the  table  "  Hyd.  Exp.,"  p.  33,  the  discharges 
are  all  reduced  to  a  uniform  fall  of  13  feet.  It  by  no  means  follows, 
however,  that  the  variations  in  the  discharge,  under  these  circum- 
stances, are  wholly  due  to  changes  in  the  centrifugal  force. 

As  the  velocity  increases  from  zero,  there  is  a  progressive  change  in 
the  resultant  direction  of  the  water  entering  the  wheel,  and  it  comes 
more  and  more  into  coincidence  with  tlie  direction  in  which  the  water 
leaves  the  guides.  There  is  a  progressively  diminishing  loss  of  head 
due  to  abrupt  change  of  direction.  Presumably,  these  two  directicjns 
coincide,  and  the  loss  of  head  ceases,  at  the  velocity  corresponding  to 
the  maximum  efficiency  of  the  wheel.  Between  these  two  limits  of 
velocity,  therefore,  viz.,  0,  and  the  velocity  of  maximum  efficiency,  we 
should  expect  the  discharge  to  increase  faster  than  is  called  for  by  the 
formula  for  centrifugal  force.  The  results  of  experiments  show  nothing 
of  this  kind. 

From  the  point  of  jnaximum  efficiency  to  the  point  where  the  wheel 
runs  free,  there  is  an  increasing  deviation  between  the  direction  in 
which  the  water  enters  the  wheel  and  that  in  which  it  leaves  the 
guides,  and  conse(|uently,  an  increasing  loss  of  head.  Between  these 
latter  limits,  therefore,  we  might  expect  the  increase  of  disc-harge  to  be 
less  than  that  called  for  bv  the  formula  for  centrifugal  force.    Between 
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the  limits  0  and  wheel  running  free,  we  might  expect  these  two  causes 

of  discrepancy  to  neutralize  each  other,  and  the  formula  for  centrifugal 

force  to  represent  the  total  increase  of  discharge  bet\veen  these  limits 

better  than  between  any  other  limits. 

The  velocity  of  the  wheel,  running  free,  was  expt.  23.     Internal 

circumference  37*766  feet  per  sec. 

8-292 
Ext.  circum.  37-766  X  -^7^^- =  46-393  ft.  per  sec. 

The  difference  between  the  heights  due  these  velocities  is 


46-393  —  37-766 

K =  11-288. 

The  discharge  of  the  wheel,  standing  still,  under  a  head  of  13  feet 
was  (Exp.  43)  136*725  cubic  feet  per  sec.  According  to  the  theorem 
under  consideration,  the  centrifugal  force  should  have  the  same  effect 
in  increasing  the  discharge  as  an  addition  of  11-288  feet  to  the  head. 
The  discharge,  therefore,  should  be 


-..^n.^^.     (24-288 

136  72o  ^___  ^  186*88  cubic  feet  per  sec. 

The  actual  discharge  in  Expt.  23  was  165-37  cubic  feet  per  sec. 


Induced  Currents  in  Reciprocal  Movements. — In  an  article 
published  by  du  Moncel,  on  Dec.  16,  1882,  upon  the  effects  produced 
in  the  Griscom  motor,  he  showed  that  when  one  of  the  poles  of  a  per- 
manent magnet  is  moved  before  a  straight  electro-magnet  there  are 
three  successive  induced  currents :  1 .  The  one  resulting  from  the 
approach  of  the  magnet,  which  is  inverse  and  momentary.  2.  Another, 
which  is  manifested  during  the  whole  passage  of  the  magnet  before  the 
magnetic  nucleus,  and  which  is  indirect.  3.  A  third,  resulting  from 
the  removal  of  the  magnet,  which  is  momentary  and  which,  although 
in  the  same  direction  as  the  first,  corresponds  to  a  direct  current, 
because  the  inductive  current  is  then  exerted  on  an  opposite  extremity 
of  the  magnetic  nucleus.  Of  these  three  currents  only  one  has  the 
same  energy  at  the  different  points  of  the  magnetic  path.  It  is  the 
one  which  corresponds  to  the  passage  of  the  magnet  from  one  end  to 
the  other  of  the  nucleus,  and  it  belongs  to  the  category  of  currents 
which  du  Moncel  has  called  currents  of  polar  interversions,  and  which 
he  is  now  investigating. — La  Lum.  Elec,  Jan.  27,  1883.  C. 
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BfiTON  IN  COMBINATION  WITH  IRON  AS  A  BUILDING 

MATERIAL. 


By  W.  E.  Ward,  Port  Chester,  N.  Y. 

[A  paper  read  at  the  Cleveland  meeting  of  the  American  Society  of  Mechanical  Engi- 
neers.] 


If  society  is  indebted  to  the  restless  spirit  of  progress  for  most  of  its 
modern  comforts  and  conveniences,  it  certainly  is  not  yet  a  debtor  for 
any  methods  which  successfully  guarantee  immunity  against  calamities 
from  fire.  While  other  departments  of  industry  have  received  the 
benefits  of  improvement,  the  continuous  and  persistent  use  of  com- 
bustible material  for  exposed  portions  of  buildings  has  limited  the  in- 
trinsic elements  of  the  art  of  building  construction,  and  confined  im- 
provements only  to  matters  of  design. 

Incombustible  materials  are  easily  obtainal,  and  much  better  adapted 
to  the  purpose  for  every  apparent  reason.  Doubtless  the  question  of 
increased  cost,  both  in  money  and  in  time  required  for  more  thorough 
construction,  may  be  in  a  measure  responsible  for  the  tardiness  in 
adopting  safer  methods,  and,  in  addition  to  greater  expenditure,  there 
may  have  been  a  want  of  confidence  in  the  fire-proof  methods  which 
have  been  offered  to  the  public  for  adoption.  The  importance  of  this 
question  induced  the  writer,  in  1871  and  1872,  to  make  some  experi- 
ments in  a  new  and  special  direction,  for  the  purpose  of  ascertaining 
whether  a  practically  fire-proof  building  could  be  designed  and  con- 
structed, at  a  comparatively  moderate  cost. 

The  incident  which  led  the  writer  to  the  invention  of  iron  with 
b6ton  occurred  in  England  in  1867,  when  his  attention  was  called  to 
the  difficulties  of  some  laborers  on  a  quay,  trying  to  remove  cement 
from  their  tools.  The  adhesion  of  the  cement  to  the  iron  was  so  firm 
that  the  cleavage  generally  appeared  in  the  cement  rather  than  between 
the  cement  and  the  iron. 

The  line  of  experiments  which  followed  were  confined  exclusively 
to  working  up  the  reciprocal  value  of  bC'ton,  in  combination  with  iron, 
in  the  construction  of  beams  which  were  designed  fiir  su|)j)()rting  floors 
and  roofs  made  of  the  same  material.  In  this  particular,  the  facts 
were  conclusively  developed  beyond  question,  that  the  utility  of  both 
iron  and  b^ton  could  l)e  greatly  incrciised  Ibr  building  purposes,  through 
Whole  No.  Vol.  CXVI.— (Thiku  Skriks,  Vol.  Ixxxvi.)  7 


98  Beton  with  Iron  as  a  Building  Material.       [Jour.  Frank.  Inst., 

a  properly-adjusted  combination  of  their  special  physical  qualities,  and 
very  much  greater  efficiency  be  reached  through  their  combination 
than  could  possibly  be  realized  by  the  exclusive  use  of  either  material, 
separately,  in  the  same  or  in  equal  quantity. 

Experience  had  long  ago  proved,  that,  uprotected  iron,  associated 
with  combustible  materials,  is  altogether  unreliable  for  building  pur- 
poses when  exposed  to  a  severe  fire  test ;  but  it  has  been  demonstrated 
that,  if  iron  is  well  protected  by  a  heavy  clothing  of  b^ton,  its  integrity 
can  be  safely  depended  upon  under  almost  any  emergency. 

AVhen  all  doubts  were  removed  concerning  the  reliability  of  the 
several  combinations  of  materials  required  in  the  construction,  a  build- 
ino-,  embracing  the  following  radical,  new  features,  was  erected,  for 
dwelling  purposes,  near  Port  Chester,  N.  Y.  Not  only  the  external 
and  internal  walls,  cornices  and  towers  of  the  building  were  constructed 
of  beton,  but  all  of  the  beams,  floors,  and  roofs  were  exclusively  made 
of  beton,  re-inforced  with  light  iron  beams  and  rods. 

Furthermore,  all  the  closets,  stairs,  balconies,  and  porticos,  with  their 
supporting  columns,  were  moulded  from  the  same  material.  The  only 
wood  in  the  whole  structure  being  window-sashes  and  doors,  with  their 
frames,  mop-boards,  and  the  stair  rails ;  thus  excluding  everything  of 
a  combustible  nature  from  the  main  construction. 

B6ton  can  be  used  in  any  form  of  construction,  and  is  able  to  serve 
the  requirements  of  any  architectural  or  decorative  effects.  All  the 
exterior  portions  of  this  house,  which  are  more  or  less  ornamental  in 
their  functions,  were  made  of  beton  in  place  during  the  progress  of  the 
work.  In  the  interior  of  the  house,  the  cornices,  stiles,  and  panels  of 
the  ceilings  are  formed  of  beton,  and  covered  with  the  hard  finish 
usual  in  such  work.  There  appears  to  be  no  limit  to  the  reproduction 
in  beton  of  any  form  used  in  stone  masonry  or  in  stucco.  The  pro- 
portions of  material  composing  the  beton  for  the  work  varied  in 
strength  to  meet  the  requirements  of  the  diffei'ent  parts  of  the  struc- 
ture: the  heavy  walls  needing  the  least  proportion  of  cement,  while 
the  beams,  floors,  and  roofs  required  a  much  larger  proportion.  Only 
the  best  quality  of  Portland  cement,  clean  beach  sand,  and  crushed 
blue-stone  were  used  in  combination  with  iron  for  constructing  the 
building. 

The  proportions  of  cement  used  for  the  heavy  wall  work  were  one 
i)art  of  cement  to  four  parts  of  sand  and  fine  gravel,  thoroughly  mixed 
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dry,  and  dampened  with  only  sufficient  Avater  to  give  it  the  consistency 
of  well-tempered  moulding  sand. 

A  finely  crushed  and  screened,  hard,  blue  lime-stone  was  found  to 
be  better  adapted  for  use  in  combination  with  the  beton  than  a  coarse 
sized  stone  filling,  because  small  sized  stones  pack  closer  than  large 
ones,  thereby  realizing  a  proportional  saving  in  cement.  The  tasts 
made  to  ascertain  the  comparative  transverse  strength  of  different  com- 
positions proved  that  the  bond  was  stronger  in  beton  made  with  small 
stone.  In  breaking  test  sections  made  of  beton  in  the  form  of  bricks, 
the  fracture  of  those  filled  with  small  stone  was  almost  invariably 
across  the  stone  lying  in  the  line  of  fracture,  while  the  fracture  of  the 
test  bricks  made  with  a  filling  of  stone  three  or  four  times  larger, 
showed  a  frequent  tearing  away  from  the  bond  between  the  b6ton  and 
the  larger  stone  fillingj  the  composition  of  the  beton  being  the  same 
iu  both  cases. 

The  proportions  of  cement  and  coarse  beach  sand  and  gravel,  used 
iu  re-inforcing  iron  beams  for  floors  and  roof  supports,  were  one  part 
of  cement  to  two  ])arts  of  sand  and  gravel.  The  size  of  the  iron  beam, 
selected  for  an  experimental  test,  was  a  four-inch  I  beam  of  lightest 
pattern,  twelve  feet  long,  weighing  thirty  pounds  to  the  yard,  and  its 
.safety  load  was  limited  to  eleven  hundred  and  fifty  pounds.  X  plank 
mould  was  made  the  length  of  the  iron  beam,  twelve  inches  deep  by 
five  inches  wide,  in  the  bottom  of  which  a  layer  of  beton  was  first 
moderately  tamped  down  to  an  inch  in  thickness ;  then  the  iron  beam 
was  laid  on  the  course  at  equal  distances  from  each  side  of  the  mould, 
and  .settled  down  on  the  surface  of  the  coui-se  of  beton  to  a  good  bear- 
ing. This  brought  the  top  surface  of  the  boiim  seven  inches  below  the 
top  of  the  mould.  The  worU  of  tilling  and  tamping  the  courses  was 
then  continued  until  the  mould  was  filled. 

The  rea.son  for  placing  the  iron  bejun  so  near  the  bottom  of  the 
mould,  was  to  utilize  its  tensile  quality  for  resisting  the  strain  below 
the  neutral  axis  when  this  composite  beam  was  exposed  to  heavy  loads, 
while  the  Ix'ton  above  this  line  was  relied  on  for  resisting  compression 
from  load  strain.  The  bdton  became  thoroughly  hardened  in  al)oul 
thirty  days,  when  the  following  tests  of  transverse  strength  were  made. 
It  wiLS  placed  upon  suitable  su])j)orts,  with  a  bearing  of  three  inches  at 
each  end.  A  lever  was  adjusted  so  as  to  bring  the  testing  load  on  a 
knife-edge  bearing  at  the  centre  of  the  beam.  Weight  was  then  ap- 
plied to  tiie  long  end  of  the  lever,  until  the  stre.ss  on  the  centre  of  the 
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beam  reached  nine  thousand  five  hundred  pounds.  Under  this  load 
there  was  a  deflection  at  the  centre  of  the  beam  of  seven-sixteenths  of 
an  inch,  but  not  a  sign  of  rupture  appeared  at  any  point. 

The  load  was  then  removed,  and  the  beam  returned  to  the  original 
line  it  occupied  before  the  test,  showing  that  the  combination  possesses 
the  essential  quality  of  elasticity  in  addition  to  the  enormous  increase 
of  capacity  to  resist  strain  over  that  which  was  possible  for  either  ma- 
terial to  sustain  if  used  separately,  and  in  the  same  quantity. 

It  is  suggested  that  for  future  construction  that  an  inverted  J.  beam 
would  furnish  a  more  preferable  distribution  of  iron  in  the  composite 
beams  than  'the  I  beams  which  were  used. 

The  result  of  this  experiment  demonstrated  the  reliability  of  the 
composite  beam  of  iron  and  beton,  and  showed  that  the  adhesion  of 
the  cement  to  the  iron  could  be  relied  on  under  heavy  strains ;  and 
warranted  the  adoption  of  beton  reinforced  with  small  rods  for  the 
floors  and  roofs. 

The  beams  for  supporting  the  floors  throughout  the  house  were 
placed  at  such  convenient  distances  apart  as  to  insure  perfect  safety  to 
the  floors,  and,  at  the  same  time,  affording  ample  opportunities  for 
producing  the  best  effects  in  deep,  paneled  ceilings. 

The  beams  were  all  moulded  in  position,  where  they  belonged,  both 
for  the  floors  and  roofs,  and  after  the  same  method  that  the  experi- 
mental beam  was  made.  The  iron  beams  varied  in  width  and  weight 
per  yard  in  accordance  with  their  length  and  the  prospective  load ; 
the  largest  being  nineteen  feet  long  by  seven  inches  wide.  When 
the  combination  beams  were  completed  and  ready  for  the  floors  and 
roofs,  heavy  planks  were  firmly  placed  in  position  and  securely  sup- 
ported between  the  beams ;  the  upper  surface  of  these  plank  founda- 
tions being  adjusted  on  a  level  with  Ihe  top  surface  of  the  moulded 
beams.  These  planks  served  as  the  bottom  of  the  floor  moulds, 
and  after  the  beton  comprising  the  floor  was  hardened,  they  were 
removed. 

Channel  ways  had  been  moulded  in  the  walls,  on  a  line  with  the 
top  of  the  beams,  for  the  purpose  of  supporting  the  outer  edges  of 
the  floors. 

Before  the  floors  and  roofs  were  laid,  care  was  taken  to  cover  all 
the  supporting  surfaces  with  paper,  to  prevent  the  adhesion  of  floor 
and  roof  sections  to  tlieir  supports.     This  precaution  was  necessary,  to 
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permit  the  movement  of  the  floors  and  roofs  that  would  unavoidably 
take  place  under  varying  temperatures  and  loads. 

A  part  of  the  experimental  system  contemplated  an  attempt  to 
warm  the  house  by  piissing  currents  of  heated  air  between  the  floors 
and  ceilings,  and  up  through  flues,  made  in  close  proximity  to  each 
other,  for  that  purpose,  in  the  interior  walls  of  the  building,  and  it 
was  necessary  to  core  out  a  liberal  area  of  lateral  openings  through 
the  upper  portion  of  the  beams,  in  order  to  permit  a  free  circula- 
tion of  heated  air.  The  ceilings  rested  upon  flanges  projecting  from 
the  lower  portion  of  the  beams. 

Instead  of  using  sand  and  gravel,  or  both,  in  combination  with  ce- 
ment, for  floor  and  roof  construction,  the  preliminary  experiments 
that  proved  the  superior  value  of  broken  blue  stone  for  massive 
Avork,  led  to  the  adoption  of  washed,  fine  screenings  from  tiie  same 
material  for  the  floors  and  roofs,  because  its  jfreater  ano;ularitv  than 
gravel  insured  a  stronger  bond  in  the  work  than  could  be  realized  by 
using  sand  and  gravel. 

The  i)roportions  of  materials  used  for  this  purpose  were :  one  part 
of  Portland  cement  to  two  parts  of  the  fine  stone  screenings.  The 
preparations  i)eing  completed  for  laying  down  tlie  floors,  a  thin  course 
of  the  beton  was  first  put  on,  and  evenly  tamped  down,  to  about  an 
inch  in  thickness,  over  the  whole  space  intended  to  be  covered.  Then 
rods  of  iron,  five-sixteenths  of  an  inch  in  diameter,  were  placed  both 
longitudinally  and  laterally,  at  a  uniform  distance  of  eiglit  inches 
apart,  over  the  whole  surface.  Then,  on  this,  a  final  layer  of  two 
indies  in  thickness  was  carefully  tamped  down.  In  about  eight  hours 
the  beton  was  hardened  sufficiently  to  allow  the  a|)plication  of  the  top 
surface,  which  was  floated  down  with  a  half-inch  coat  of  cement  and 
fine  beach  sand  mortar,  made  of  etjual  parts  of  each.  This  com- 
pleted the  final  finish,  and  made  the  whole  thickness  of  the  work 
three  and  a  half  inches.  It  will  be  observed  that  for  the  same 
reason  as  in  beam  construction,  and,  as  before  explained,  the  iron 
rods  for  reinforcing  were  i)laced  near  the  bottom  of  the  work,  so  as 
to  resist  the  tensional  stresses  due  to  the  l()a<l,  while  that  due  to 
C(jmpression  in  the  up|)er  portion  would  be  sustained  l)y  the  beton 
alone.  In  this  manner,  and  by  this  process,  over  thirteen  thousand 
square  feet  of  flooring  and  roofing  were  constructed  to  (ill  tlu;  re<juire- 
nients  of  the  building. 

The  only  test  of  any  consequence  upon  the  combined  strength  of  the 
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floors  and  beams  together  was  made  on  a  section  of  the  widest  floor 
in  the  house,  where  the  beams  are  eighteen  feet  span  and  six  feet 
between  centres.  Casks  of  plaster  were  placed  upon  the  floor  over 
the  beam,  forming  a  triangular  load  of  thirty  tons,  which  was  sus- 
tained without  any  injury  to  the  floor,  or  measurable  permanent  de- 
flection. The  dimensions  of  the  beam  that  sustained  this  load  were 
seven  by  sixteen  inches,  and  eighteen  feet  span,  reinforced  in  its 
lower  portion  with  a  seven-inch  I  beam,  weighing  fifty-five  pounds  to 
the  yard. 

This  test  indicates  that,  in  addition  to  its  admitted  fire-resisting 
qualities,  the  reinforced  system  of  construction  challenges  comparison 
with  other  methods  of  building  in  matters  of  strength  and  of  cost,, 
whether  for  buildings  requiring  long  or  short  floor  spans. 

Experimental  tests  were  made  with  several  partition  walls,  to  ascer- 
tain how  thin  it  would  be  advisable  to  construct  them  for  light  walls 
where  the  load  was  small.  The  result  of  the  experiments  showed 
that  the  resistance  of  partitions  eight  feet  in  height,  made  of  beton 
two  and  a  half  inches  thick,  and  reinforced  with  one-quarter  inch 
iron  rods,  was  equal  to  brick  walls  eight  feet  high,  and  eight  inches 
in  tiiickness. 

It  is  the  opinion  of  the  writer  that  for  the  great  majority  of  houses 
required  for  dwelling  purposes,  a  system  of  thin  reinforced  double 
walls,  with  a  space  of  from  six  to  ten  inches  between  them,  and  rein- 
forced cross  connections  every  two  or  three  feet  apart,  to  unite  the 
outer  and  inner  walls  firmly  together,  could  be  built  up  to  thirty 
or  forty  feet  in  height,  at  a  cost  not  exceeding  that  of  first-class  brick 
work. 

Besides  an  equal  economy  in  the  construction,  such  double  walls 
would  be  an  incomparably  better  defense  against  stormy  weather  than 
the  best  quality  of  brick  work,  because  the  absorptive  capacity  of  be- 
ton is  so  much  less  than  that  of  brick. 

Thus,  all  things  considered,  the  thin  double-wall  system  commends 
itself  as  containing  the  main,  desirable  qualities,  essential  to  the  outer 
and  inner  wall  construction  of  dwelling  houses,  embracing,  as  it  would, 
a  sure  protection  against  both  fire  and  dampness,  and  the  means  for 
thorough  ventilation.  Besides  the  special  fitness  of  the  reinforcing 
system  for  floors,  roofs,  beams,  and  thin  walls,  it  is  an  interesting 
question  whether  the  same  system  may  not  be  also  applicable,  and 
advantagecjusly  extended  to  a  more  general  use  in  many  engineering 
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requirements  ;  especially  in  situations  where  immense  Aveights  must  he 
sustained,  and  where  iron  construction  alone  is  difficult  of  application, 
notably  in  such  an  important  work  as  the  Hudson  River  Tunnel, 
where  its  tubular  form  is  constructed  with  an  outer  cylindrical  shell  of 
flue  iron,  and  lined  inside  with  heavy  brick  mason  work :  much  of 
this  tunnel  rests  upon  a  treacherous  bed  of  silt,  and  might  be  made 
absolutely  safe  from  a  rupture  caused  by  settlement,  induced  by  vibra- 
tions resulting  from  railroad  traffic  in  addition  to  its  own  weight,  by 
adding  to  a  thin  brick  lining  a  strong  beton  about  sixteen  or  eighteen 
inches  thick,  and  work  in  it  three  or  four  courses  of  iron  bars,  of  suit- 
able size,  laid  longitudinally  and  in  sufficient  quantity  to  bear  any 
amount  of  strain  that  settlement  or  any  other  cause  might  bring  upon 
it.  Rings  of  flat  bar  iron,  interspersed  in  the  beton  lining,  a  few  feet 
apart,  would  further  add  to  its  security. 

Although  the  writer  has  no  personal  knowledge  of  the  methods 
which  are  to  be  used  in  flUing  the  interior  of  the  Statue  of  Liberty, 
to  be  erected  on  Bedloe's  Island,  New  York  Harbor,  he  is  of  the 
opinion  that  a  filling  of  beton,  reinforced  MJth  iron,  furnishes  the  best 
method  of  increasing  the  stability  of  that  colossal  statue. 

The  reinforced  beton  system  has  also  been  employed  with  admirable 
results  in  iieavy  foundations  for  stationary  engines.  The  writer,  three 
years  ago,  mounted  a  two-hnndred-and-fifty-horse-power,  tandem, 
compound  engine,  of  very  heavy  pattern,  on  a  reinforced  beton  bed, 
twenty-tiiree  feet  long,  five  feet  wide,  and  seven  feet  deep.  It  is 
apparently  as  firm  and  hard  as  a  single  mass  of  granite  of  those  dimen- 
sions. The  outboard  bearing  of  the  main  siiaft  is  also  mounted  on  a 
single  block  of  the  same  kind  of  construction.  The  cost  of  these 
foundations  was  less  than  the  estimate  made  for  the  same  in  first-class 
brick  or  stone  mason  work. 

It  has  also  been  used  for  lining  a  re^-ervoir  of  90,000  gallons  caj)a('ity, 
which  was  blasted  into  a  ledge. 

Another  great  advantage  realized  in  reinforcing  beton  with  iron,  is 
that  the  iron  ov'ercomes  its  tendency  to  check  in  hardening,  witiiin 
useful  limits,  however  large  the  surface  may  be  if  the  distrii)ution  of 
tiie  iron  tlirongh  the  work  is  made  with  ordinary  good  judgment. 
This  is  dcmonstratcHl  in  the  instance  of  entire  freccloin  from  shrinkage 
checks  in  the  single  section  of  In'ton  fiooring  laid  in  the  drawing-room 
of  the  house  under  consideration.  Its  dimensions  are  eighteen  by 
thirtv-six  feet,  three  and  a  half  inches  thick,  and  there  i<  no  trace  of  a 
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check  throughout  its  whole  extent.  After  a  period  of  eight  years  since 
it  was  laid  down,  and  six  years  of  that  time  it  has  been,  during  winters, 
more  or  less  subjected  to  unequal  strains  from  expansion  and  contrac- 
tion, caused  by  its  exposure  to  unequal  temperatures,  while  employed 
as  a  transmitting  medium  of  heat  for  warming  the  room.  The  method 
of  heating  the  house  is  as  follows : 

In  the  centre  of  the  cellar  is  a  heating  chamber,  measuring  eleven 
by  sixteen  feet,  and  eight  feet  in  height.  Within  this  chamber  is 
placed  an  ordinary  cast-iron  heater,  of  a  capacity  for  burning  about 
three  hundred  and  fifty  pounds  of  coal  per  day.  Openings  were  made, 
about  twelve  inches  apart,  all  around  the  top  of  the  surrounding  walls 
of  the  chamber,  leading  outwardly  to  the  spaces  between  the  first  floors 
and  the  cellar  ceilings,  and  also  up  through  the  flues  within  the  inte- 
rior walls  which  communicate  with  the  spaces  between  the  second- 
story  floors  and  ceilings  beneath  them.  Vertical  iron  pipes,  of  suitable 
size  are  located  so  as  to  connect  the  open  spaces  between  the  cellar 
ceilings  and  first  floor,  with  a  large,  closed  trunk  or  passage-way, 
which  extends  nearly  all  around  the  inside  of  the  main  wall  foundation, 
under  the  cellar  floor,  and  finally  terminates  in  a  large  flue,  which 
leads  directly  under  and  into  the  heating-chamber. 

This  comprises  about  the  whole  system  of  arrangements  in  the  con- 
struction for  warming  the  house  with  heat  radiated  from  the  floors 
and  interior  walls. 

Its  mode  of  operation  simply  consists  in  the  body  of  warmed  air 
passing  from  the  heating-chamber  upward,  through  the  walls  and 
under  the  floors,  and  in  its  passage  giving  up  its  surplus  heat  to  the 
surfaces  of  these  flues.  As  the  air  becomes  reduced  in  temperature,  it 
naturally  descends  back  through  the  pipe  and  trunk  passage-ways, 
provided  for  its  return  to  the  heating-chamber,  where  it  is  again 
recharged  with  heat.  It  will  readily  be  seen,  that,  by  this  method,  a 
continuous  circulation  will  be  maintained  with  the  same  quantity  of 
air ;  and  furthermore,  that  the  velocity  of  the  current  will  vary  with 
the  diiference  of  temperature  of  the  air  when  leaving  the  heating- 
chamber  and  when  re-entering  the  heating-chamber. 

By  this  system,  there  are  about  fifty-five  thousand  cubic  feet  of  the 
interior  of  the  house  heated  by  radiation,  through  about  thirty-five 
hundred  square  feet  of  floor  and  wall  surfiices,  and  the  capacity  of  the 
heating-chamber  is  fourteen  hundred  cubic  feet,  so  there  is  one  cubic 
foot  of  heated  air  to  forty  cubic  feet  in  the  house. 
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The  temperature  of  the  air  in  tlie  heating-chamber  averages,  in  very 
cold  weather,  one  hundred  and  seventy  degrees,  and  after  delivering  its 
surplus  heat  to  the  floors  and  interior  walls,  its  temperature  registers 
fifty-eight  degrees  in  the  flue  where  it  re-inters  the  heating-chamber 
for  reheating;  showing  that  one  hundred  and  twelve  degrees  of  heat 
had  been  given  up  and  utilized  for  warming  })urposes.  With  ordinary 
care  in  managing  the  furnace,  a  temperature  of  sixty-eight  degrees  can 
be  uniformly  maintained  on  the  first  floor,  and  from  sixty  to  sixty-two 
degrees  on  the  second  floor,  with  a  consumption  of  about  three  hundred 
and  twenty-five  pounds  of  anthracite  coal  per  day  in  the  furnace. 

The  temperature,  produced  by  this  system  of  heating,  is  free  from 
the  objectional)le  extreme  variations  so  common  with  other  modes  of 
heating.  The  walls  and  floor  form  such  large  heating  surfaces  that 
the  temperature  is  uniform  in  all  portions  of  the  rooms,  while  the  air 
is  not  vitiated  by  escaping  gases  or  heated  dust,  as  is  universally  the 
case  where  furnaces  or  steam  pipes  are  used  for  heating. 

It  is  not  claimed  that  its  economic  results  per  pound  of  coal  are 
greater  than  that  which  is  claimed  for  the  steam  or  hot  water  systems, 
but  if  the  latter  were  required  to  make  as  liberal  a  provision  for  the 
renewal  of  fresh  air  in  the  interest  of  an  equally  good  ventilation,  the 
percentage  of  useful  results  i)er  pound  of  coal  from  steam  or  hot  water 
would  average  no  highier  than  the  former. 

The  rain-water  falling  upon  the  roof  passes  through  two  six-inch 
iron  pipes  which  are  set  in  the  wall,  extend  across  the  cellar,  and  reach 
into  a  bC'ton  tank  in  the  rear  tower,  and  holding  5,000  gallons,  whose 
water  level  is  thirty  inches  below  the  level  of  the  roof.  This  inverted 
siphon  also  forms  a  distributing  system  to  the  various  points  of  con- 
sumption in  the  house,  through  short  branch  pipes  connected  to  these 
mains. 

There  are  also  two  other  tanks  made  of  l)eton,  and  hohling  3,000 
gallons,  situated  under  the  main  tank;  one  of  these  sustains  a  head  of 
over  twenty  feet  of  water,  and  has  never  given  any  indications  of 
leakage. 

In  regard  to  the  important  factor  of  cost  involvcil  in  this  system  of 
b6ton  construction,  its  average  for  beams,  floors  and  roofs,  including 
the  supporting  platforms  for  laying  tliem  down  was  a  fraction  over 
sixty  cents  per  s(|nare  foot.  This  cost  also  includes  the  reinforcing 
iron  beams  and  rods.  The  cost  of  the  heavy  wall  work,  not  including 
cornices,  wjis  about  twenty-four  cents  per  cubic  foot  which  includes 
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the  cost  of  plank  moulds,  required  for  building  up  the  walls.  The 
advantages  that  most  favored  these  economical  results  were  cheap 
material  and  cheap  labor. 

The  bulk  of  the  material  required  for  the  work  abounds  in  inex- 
haustible quantities,  and  is  always  maintainable  at  moderate  cost.  The 
essential  skill  required,  consists  in  a  simple  knowledge  of  the  right 
proportions  of  material,  and  of  its  proper  manipulation,  both  of  which 
can  be  acquired  in  a  half-day's  practice.  The  most  inexperienced 
laborers  can  do  all  the  work  of  the  most  elaborate  beton  construction, 
excepting  only  the  surface  finishing,  and  this,  with  all  the  other  work 
can  be  superintended  by  one  competent,  experienced  builder. 

Along  with  the  foregoing  data,  it  may  be  well  to  include  an  interest- 
ing feature  of  some  experiments  that  were  made  to  test  the  heat- 
enduring  qualities  of  beton.  A  number  of  large  test  bricks  were  made 
of  the  same  proportion  of  materials  that  were  used  in  the  construction 
of  the  walls,  and  in  subjecting  thom  to  different  intensities  of  heat  to 
see  how  much  they  could  withstand  before  breaking  up ;  there  was  no 
perceptible  difference  observed  in  the  tendency  to  fracture  whether  the 
bricks  were  exposed  to  a  gradual  or  rapid  heating.  Not  one  of  them 
broke  when  subjected  to  a  white  heat.  Several  were  heated  to  a  bright 
red  heat,  and  then  plunged  into  a  bath  of  cold  water.  They  withstood 
this  test  without  showing  a  decidedly  damaging  fracture,  and  one  of 
the  bricks  was  exposed  to  an  alternate  heating  and  cooling,  three  times 
before  breaking  up. 

These  results  were  a  surprise,  and  they  suggested  the  advantage  of 
such  a  material  for  the  walls  of  buildings,  as  a  sure  defence  against 
uncontrollable  conflagrations.     The  facts  that  appear  to  be  established-' 
by  this  line  of  experiments  are: 

First. — That  a  system  of  iron  beams  reinforced  with  beton  can  be 
made  to  sustain  weights  many  times  greater  than  the  iron  beams  alone 
can  withstand  without  reinforcing. 

Second. — That  floors  and  roofs  can  be  economically  made  of  beton 
reinforced  with  iron  rods,  capable  of  sustaining  heavier  loads,  with  a 
less  number  of  supporting  beams,  than  any  other  system  of  flooring 
and  roofing  now  in  use,  at  equal  cod. 

Third. — That  the  system  of  reinforced  beams  and  floors  affords 
advantages  for  a  more  perfect  system  of  heating  buildings  uniformly 
than  l)y  the  steam  or  hot  water  systems. 
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Fourth. — That  the  sanitary  requirements  of  complete  ventihation 
are  plainly  within  the  reach  of  this  system  of  construction. 

Fifth,  and  finally. — That  it  affords  a  perfect  defense  against  the 
interior  destruction  of  buildings  by  fire. 

The  intrinsic  worth  of  beton  construction  appears  most  valuable  in 
furnishing  the  elements  of  fireproof  construction ;  and  thus  inaugm-ating 
a  reformation  in  the  prevailing  system  of  building  based  on  the  prin- 
ciple that  safety  from  loss  by  fire  ciui  be  more  economically  realized 
through  reformation  than  by  exclusive  dependence  on  insurance  to 
indemnify  for  losses  by  fire.  The  amount  of  capital  destroyed  by  such 
losses  appears  almost  fabulous,  and  has  been  estimated  by  insurance 
authorities  to  be  over  one  hundred  million  dollars  annually  in  this 
country.  This  enormous  amount  takes  no  cognizance  of  the  losses  due 
to  the  disturbance  of  business  relations,  and  to  labor  by  such  enforced 
interruptions  of  industry,  but  the  sum  of  the  lo.sses  accounted  for  seems 
to  be  enough  to  awaken  an  interest  in  the  discovery  of  some  effective 
remedy  for  reducing  their  magnitude. 

Yet,  if  the  remedy  is  only  to  be  found  in  building  more  thoroughly, 
its  adoption  may  remain  doubtful  so  long  as,  the  hazardous  way  of 
building,  and  the  rates  for  insuring  hazardous  property  occupy  their 
present  relations  to  each  other.  Such  radical  departures  from  con- 
servative ideas  of  building  as  are  herein  described  must  necessarily 
find  a  slow  recognition,  and  reach  public  favor  like  any  other  innova- 
tion— through  small  and  gradual  l)eginnings — and  wait  until  their 
their  merits  grow  to  be  regarded  as  a  public  necessity. 

But,  however  destructive  to  the  material  wealth  of  the  country  may 
l)e  the  vast  losses  of  property  by  fire,  they  sink  completely  out  of  view 
when  compared  with  the  terrible  sacrifices  ol'  human  life  that  are  con- 
stantly resulting  from  unsafe  building  construction. 

Against   this   fearful   consequence  of  it,   humanity  am   reasonably 
protest,  and  claim,  for  the  sake  of  human  welfare,  that  such  structures 
as  hotels,  theatres,  public  schools,  and  all  other  jdaces  of  public  resort 
shall  be  made  invulnerable  to  the  as.saults  and  horrors  of  fire  cata.s- 
trophies. 

In  conclusion,  it  is  to  i)e  lio|)ed  that  these  experiment.s  may  shed 
enough  additional  light  on  (Ik;  fireproof  building  question  to  make  the 
wav  easv  for  reducing  reinforced  beton  construction  to  a  system,  that 
will  deserve  public  confidence,  and  ultimately  lead  to  its  coninion 
adoption. 
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THE  GRINDSTONE. 


By  J.  E.  Mitchell. 

[Abstract  of  remarks  made  at  the  stated  meeting  of  the  Franklin  Institute,  June  20, 1883.  j 


I  have  nothing  new  to  say  about  the  grindstone ;  it  is  the  same  homely 
article  it  was  over  three  hundred  years  ago,  but  the  application  of  it 
has  been  greatly  improved  and  its  uses  largely  increased,  and  it  now 
plays  a  most  important  part  in  our  machine  shops  and  manufactories, 
as  without  its  use  it  would  be  almost  impossible  to  carry  on  these 
works.  The  Baldwin  Locomotive  Works  consider  them  of  sufficient 
importance  to  keep  seven  Newcastle  grindstones,  of  two  tons  weight 
each,  constantly  at  work  for  grinding  off  the  rough  iron  work  of  loco- 
motives preparatory  to  painting  or  polishing,  and  for  this  purpose  they 
could  scarcely  be  dispensed  with,  besides  running  a  considerable  num- 
ber of  smaller  stones  for  sharpening  the  various  tools  for  turning  and 
cutting  metals. 

Grindstones  are  also  used  for  grinding  off  the  faces  of  cast-iron 
pullies,  by  running  the  pulley  rapidly  in  one  direction  and  bringing 
the  face  of  it  in  contact  with  a  grindstone  (kept  well  supplied  with 
water)  running  in  an  opposite  direction.  This  renders  the  pullies  per- 
fectly true,  and  does  the  work  more  rapidly  than  turning  them  off  in  a 
lathe.  A  very  hard,  sharp  grit  Newcastle  stone  is  found  to  be  best 
adapted  to  resist  the  necessary  pressure. 

A  column  was  thrown  on  the  screen  representing  thirteen  specimens 
of  the  principal  American  and  foreign  grindstones,  the  thickness  of  the 
grindstone  when  in  actual  use  being  represented  in  the  column.  This 
has  been  prepared  as  one  of  a  series  of  similar  columns  intended  to 
represent  all  the  grindstones  known  both  here  and  in  the  Old  World. 
They  are  being  ])repared  by  the  speaker  under  the  direction  of  Profes- 
sor Baird,  kSecretary  of  the  Smithsonian  Institution,  and  are  to  be 
placed  in  the  National  Museum  in  Washington.  They  will  be  arranged 
as  a  colonnade  or  court,  within  which  will  be  placed  glass  cases  con- 
taining all  the  known  forms  of  sharpening  stones. 

Fragments  of  every  specimen  represented  will  be  mounted  on  glass 
slides,  and  ground  thin  enough  to  represent  the  sliape,  etc.,  of  the  par- 
ticles when  placed  in  a  microscope.  This  will  enable  the  operator  to 
form  a  correct  idea  of  the  cutting  properties  of  the  various  forms  of 
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sandstones  whicli  arc  used  as  grindstones.  Over  twenty-five  hundred 
of  such  specimens  of  the  various  sorts  of  building  stones  have  been 
prepared,  which  are  now  on  exhibition  in  the  National  Museum,  a  few 
of  which,  through  the  kindness  of  Professor  Baird,  I  am  enabled  to 
throw  upon  the  screen  to-night.  These  have  been  prepared  by  Mr. 
Merrill,  of  the  Museum,  who  deserves  great  credit  for  the  patient  skill 
displayed  in  their  preparation. 

The  following  historical  facts  relating  to  this  ancient  mechanical 
implement,  compiled  from  Lewis's  pamphlet,  may  be  of  interest,  viz. : 


A    GRINDSTONE    OF   THE   SIXTEENTH    CENTURY. 

In  the  whole  range  of  mechanics,  with  all  modern  developments  and 
enlarged  capabilities,  there  ha^i  been  applied  no  mechanism  nor  process 
yet  able  to  supereede  tlie  grindstone  in  its  peculiar  office.  It  is  the  one 
thing  in  mechanic  arts  that  improvement  has  not  added  to,  or  inven- 
tion displa(;ed ;  while  the  pruning  li(»ok  and  plough  are  of  equal 
antiquity,  the  spirit  of  imjjrovemcnt  has  touched  both  but  left  the 
grindstone  unchanged.  Its  utility  in  the  ciirly  ages  wa.s  great,  and 
science  has  not  lessened  its  value  any  by  its  i>erfection  of  other  means 
for  like  results.  It  has  been  found  in  use  among  uncivilized  people, 
and  yet  has  its  place  with  nations  most  advanced.     Writers  of  fiction 
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knew  it  would  not  conflict  with  the  appearance  of  truth  to  ascribe 
it  a  place  among  barbarians.  It  is  among  the  few  implements  of 
handicraft  mentioned  in  scripture,  though  there  only  named  for 
milling  purposes  ;  it  is  the  same  in  form  and  in  universal  use — a  round 
revolving  stone.  In  a  scriptural  research  for  the  articles  of  handicraft 
mentioned  then,  we  can  look  through  the  "  eye  of  a  needle"  and  find 
the  grindstone  beyond,  its  origin  lost  in  the  darkness  of  antiquity.  It 
is  not  meant  to  confound  the  millstone  of  antiquity  with  the  grind- 
stone of  to-day,  which  the  encyclopaedia  mentions  as  "  a  flatfish  cir- 
cular stone  of  various  diameters,  employed  in  the  cutting  and  sharpen- 
ing of  edged  tools,  precious  stones,  etc.,  and  the  grinding  of  steel,  glass, 
pottery  and  the  like.  They  are  made  of  sandstone,  or  sandstone  grit." 
The  grindstone  now  has  scarcely  a  wider  capability  or  greater  useful- 
ness than  when  we  first  heard  of  it.  Although  limited  as  its  qualifica- 
tions may  be,  it  serves  its  purpose  as  nothing  else  can.  Improvement 
has  furnished  us  wheels  of  composition  which  only  to  some  extent 
serve  some  of  its  purposes,  but  the  grindstone  still  remains  unsup- 
planted.  It  is  a  tool  of  the  utmost  nicety  in  proper  hands  and  prop- 
erly understood,  and  is  capable  of  performing  with  speed  and  precision 
its  limited  agency  beyond  the  powers  of  any  modern  tool.  It  is  per- 
haps found  best  handled  in  its  purpose  of  grinding  dies  for  cut  nails, 
where  its  proper  use  constitutes  an  occupation  not  to  be  attained  very 
perfectly  by  a  short  apprenticeship  wdth  it.  That  known  as  "  bead- 
stone,"  used  by  makers  of  cut  nails,  is  a  tool  of  the  utmost  perfection 
of  workmanship,  not  to  be  meddled  with  by  the  inexperienced,  how- 
ever lightly,  Avithout  the  result  being  noticed  by  the  eye  of  the  experi- 
enced nailer.  The  milling  machine,  the  planer,  the  file,  the  lathe  and 
emery  wheel,  do  much  of  the  work  of  the  grindstone,  but  it  still  per- 
forms to  perfection  its  needful  though  limited  purposes.  The  import- 
ance and  nicety  of  it,  as  a  means  to  a  purpose,  is  only  known  by  those 
who  know  how  to  prepare  and  keep  it  in  order. 

Its  utility  or  importance  could  not  be  guessed  at,  were  one  to  look 
at  a  crooked  and  badly  kept  grindstone ;  but  in  the  hands  of  those  who 
know  its  merit,  with  its  even  surface  running  as  true  as  any  turned 
wheel,  it  will  perform  work  with  a  lapidity  and  precision  attainable 
by  no  other  means.  In  the  hands  of  those  who  are  learned  in  its  use 
and  keeping,  it  is  capable  of  adaptation  to  intricate  and  fine  work,  but 
with  those  who  do  not  understand  it,  it  is  rude,  and  the  very  opposite 
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of  what  the  educated  craftsman  would  select  for  any  purpose  of  fine 
employment. 

An  heirloom  of  antiquity,  but  used  among  us  as  we  received  it,  and 
without  any  attachment  or  improvement;  capable  of  its  complete  func- 
tions only  when  well  kept  and  well  applied,  and  this  is  only  fou!id 
with  those  whose  craft-education  is  solely  to  handle  it.  It  alone  can  cut 
and  shape  expeditiously  that  which  is  prepared  to  cut  and  shape  all 
other  hard  materials — cast-ste^  hardened.  It  is  still  employed  to 
give  the  finest  edge,  the  most  even  surface,  the  brightest  polish,  and 
is  the  quickest  to  accomplish  it.  The  emery  wheel  does  but  a  few  of 
its  purposes,  and  nothing  that  we  have  could  sujjply  its  place.  The 
file  has  its  own  peculiar  uses,  but  in  contact  with  the  grindstone, 
its  thousand  small  cutting  edges  would  be  reduced  to  polished  plain- 
ness. It  is  found  a  necessary  implement  on  the  farm,  and  is  still 
required  wliere  the  finest  of  instruments  are  made,  or  the  hardest  of 
metals  are  worked.  It  has  come  to  us  as  we  have  it,  and  in  all  likeli- 
hood will  pass  on  down  to  other  ages  the  same — a  simple  circular 
stone,  swiftly  revolving  on  an  axle. 

It  accompanies  those  who  "go  down  to  the  sea  in  great  ships,"  and 
moves  along  the  frontier  with  the  advance  of  civilization.  All  nations 
use  it,  and  it  is  j)erhaps,  with  all,  the  one  piece  of  mechanism  that  bears 
the  same  form,  and  is  the  same  in  principle.  More  or  less  directly  it 
takes  part  in  the  greatest  modern  material  enterprises;  it  has,  no  doubt, 
assisted  to  fashion  the  implements  of  many  of  the  lost  arts,  and  is  still 
needed  in  many  of  the  requirements  of  arts  of  the  present  day. 

As  ages  revolve  and  invention  gives  to  the  world  new  devices,  may 
it  be  found  more  the  agent  in  forming  the  ploughshare  and  pruning 
hook  than  in  sharpening  the  sword. 


Twinkling  of  Stars  during  Auroras. — Montigny  finds  that 
the  scintillation  of  the  stars  increases  during  auroras,  the  increase 
being  more  strongly  marked  in  winter.  The  difference  is  most  notice- 
able in  the  northern  stars.  When  a  magnetic  disturbance  is  shown  at 
the  Brussels  Observatory,  at  the  same  moment  with  the  observation  of 
scintillation,  the  intensity  often  increases.  He  proposes  to  make  the 
phenomenon  the  subject  of  a  special  investigation,  in  order  to  discover 
the  cause  of  the  remarkable  coincidence. — Bull,  cle  I' Acad,  de  Beige, 
iv,  303.  C. 
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THE   GLOVER   TOWER  AND   THE  WORKING  OF  SUL- 
PHURIC ACID  CHAMBERS. 


By  Moses  A,  Walsh. 

[Read  before  the  Chemical  Section  of  the  Franklin  Institute,  June  5,  1883.] 


It  may  be  conceded  that  systematic  observation,  with  proper  quali- 
fication of  observers  and  sufficient  means,  is  a  never-failing  source  of 
improvement. 

In  the  mechanical  and  chemical  arts  this  continues  to  be  true  where 
development  is  well  advanced  no  less  than  during  the  early  stages  of 
development. 

The  construction  of  tower  which  I  submit  to  the  notice  of  the  Sec- 
tion admits  of  the  widest  application  in  the  chemical  arts,  but  for  the 
present  I  speak  of  it  only  as  applied  to  the  Glover  and  Gay-Lussac 
towers  in  the  working  of  sulphuric  acid  chambers. 

Last  year,  Mr.  Henry  Bower,  the  president  of  the  Chemical  Sec- 
tion, went  to  inspect  some  improvements  I  had  made  in  the  construc- 
tion of  towers  and  sulphur  burners.  In  a  conversation  I  had  with 
him  at  the  time,  he  remarked  that  there  was  a  lack  of  mathematical 
precision  in  the  action  of  all  towers  in  use.  A  tower  might  work 
well  or  it  might  not  work  well.  There  were  no  means  known  by 
which  it  could  be  definitely  determined  beforehand  that  a  tower  would 
work  in  a  precise  manner  after  it  was  constructed ;  and  when  once 
constructed  there  was  no  directional  control  over  its  working.  I 
showed  him  what  I  had  done  in  the  way  of  constructing  towers  de- 
signed, at  least,  to  work  with  exactness. 

I  also  pointed  out  a  line  of  experiment  by  means  of  which,  if  not 
exactness,  at  least  great  improvement  would  result.  I  invoked  Mr. 
Bower  to  use  his  influence  with  the  Manufacturing  Chemists'  Associ- 
ation to  induce  it  to  undertake  the  burden  of  conducting  the  experi- 
ments.    I  have  not  since  heard  from  him. 

It  is  a  fact  that  many  Glover  towers,  especially,  do  not  act  in  the 
smooth,  efficient  way  of  denitrating  nitrous  vitriol  mentioned  by 
Lunge.  Where  the  acid  from  the  Glover  tower  is  used  in  the  manu- 
facture of  alkali,  the  occasional  presence  of  a  small  quantity  of  NgOj 
is  not  observable,  and  even  in  larger  amounts  not  prejudicial;  but 
where  the  acid  is  used  in  other  branches  of  manufacture,  as  is  exclu- 
sively the  case  in  America,  such  as  the  manufacture  of  alum,  chlor- 
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hydric  acid,  etc.,  the  presence  of  a  small  anioimt  of  nitrous  acid  be- 
comes seriously  manifest,  as  more  than  one  manufacturer  has  found. 

It  was  just  such  manufactures  as  these,  where  even  traces  of  nitrous 
acid  were  prejudicial,  that  led  me  to  seek  a  method  by  which  certainty 
of  denitration  in  the  Glover  tower  could  be  insured. 

Fiff.  1. 


that  under  the  best  circumstances  2i  per  cent,  to  3^  per  cent,  of  nitrate 
of  soda  were  required  to  maintain  the  waste  of  nitre  going  on  in  the 
chamber  process.  Little  or  no  nitrous  acitl  would  be  found  in  the 
acid  from  the  tower,  while  the  amount  of  nitrate  potted  was  small, 
below  3  per  cent, ;  but  when  the  [)erccntage  wa.s  increased  from  any 
The  incentive  to  seek  in  this  direction  was  increased  by  the  fact 
Whole  No.  Vol.  CXVI.— (Third  Semes,  Vol.  Ixxxvi.)  8 
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cause,  such  as  starting  up  after  stoppage,  the  acid  from  the  tower 
would  coutaiu  very  sensible  quantities  of  nitrous  acid,  and  the  chamber 
process  would  be  robbed  of  "  nitre  "  by  so  much  as  went  to  injure  the 
manufacture  in  which  the  acid  was  used.  Loss  of  "  nitre  "  elsewhere 
in  the  process  could  be  accounted  for  and  controlled.  In  each  case 
brought  under  observation,  the  re-absorption  of  nitrous  acid  at  the 
bottom  of  the  tower  was  found  to  be  due  to  mechanical  causes  origina- 
ting in  the  defective  construction  of  the  Glover  tower.  One  of  these 
towers  was  supplied  with  burner  gas  through  a  pipe  of  900  inches 
sectional  area.  The  gas  entered  underneath  an  arch  perforated  with 
sixteen  holes  having  an  aggregate  area  of  260  inches,  and  the  whole 
of  the  gas  from  the  900-inch  pipe  had  to  pass  through  these  holes. 

Interior  observations  were  made  of  the  descending  acid  and  the 
ascending  gases  while  the  tower  was  at  work,  with  simultaneous  obser- 
vations in  the  chambers  and  analyses  of  the  acid  coming  from  the 
tower.  The  object  was  to  determine  connection  between  mechanical 
conditions  and  ciiemical  results. 

The  chambers  connected  with  the  tower  had  88,000  cubic  feet  capa- 
city, not  counting  towers  nor  draught  jiipes.  The  chambers  having 
been  stopped  for  repairs,  were  started  with  4,320  lbs.  seconds  sulphur 
in  24  hours  and  10  per  cent,  of  nitrate.  Acid  began  to  form  at  once 
in  the  tower,  but  the  chambers  were  slow  in  getting  into  condition, 
and  the  acid  running  from  the  tower  was  found  to  contain  nitrous 
acid  equal  to  4  per  cent,  of  the  nitrate  of  soda  potted.  An  assay  of 
this  acid  was  made  every  hour,  and  this  and  all  other  observations 
recorded.  At  the  proper  time  the  nitre  potted  was  decreased,  and 
Gay-Lussac  and  chamber  acid  run  on,  maintaining  between  the  two  as 
nearly  as  could  be  10  per  cent,  of  nitre. 

The  charge  by  potting  was  reduced  to  2^  per  cent.,  and  it  was  not 
until  then  that  the  acid  from  the  tower  ran  free  from  nitrogen  oxides, 
and  if  at  any  time  afterwards  the  charge  of  nitre  by  potting  was 
increased  beyond  3  per  cent,  or  3J  per  cent.,  the  acid  from  the  tower 
was  found  to  contain  "  nitre." 

The  acid  in  the  tower  was  observed  to  descend  in  large  drops  and 
broken  streams.     These  results  were  arrived  at : 

1.  The  acid  distributed  in  the  upper  portions  of  the  tower  was  col- 
lected into  streamlets  in  the  lower  portion. 

2.  The  acid  in  drops  and  streamlets,  and  in  proportion  to  the  volume 
of  the  drops  and  streamlets,  is  in  a  condition  more  favorable  for  the 
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absorption  of  nitrous  acid  than  it  is  for  denitration  by  sulplmrous 
acid. 

For  comparison   afterwards  .1  state  results  of  working  these  cham- 
bers for  one  whole  year. 

Chamber  space  per  lb.  sulphur,  20"37. 

Nitrate  of  soda  potted,  2*8  per  cent. 

By  the  rule  in  Mr.  H.  Pemberton,  Jr.'s  paper,  the  case  stands  thus: 
10  X  20-37  =  203-7 
instead  of  280  to  300.     The  yield  of  HgSO,  was  288  per  100  sulphur 
consumed. 

Mr.  Pemberton,  Jr.,  omitted  to  state  this  last  result  in  the  enforce- 
ment of  his  rule. 

Fiff.  2. 
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Being  called  upon  to  design  and  construct  a  Glover  tower  for  an- 
other set  of  chambers,  of  148,000  cubic  feet  capacity,  I  determined  to 
avoid  most  of  the  defects  observed  in  towers  previously  constructed. 
With  this  object,  I  had  recourse  to  a  device  which  I  had  doignod 
some  years  before.  This  was  to  dispense  with  the  arch  entirely,  with 
its  disadvantages  of  contracted  ai)ertures  and  heavy  side  thrust,  and 
also  to  avoid  the  use  of  lead  covered  bearings.  This  latter  phin  is 
quite  inadmissible  in  the  construction  of  the  Glover  tower,  although  I 
have  heard  of  Glover  towers  being  so  constructed,  with  what  result  I 
never  heard  ;  but  to  run  such  a  tower  dry,  even  for  never  so  short  a 
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time,  must  result  in  disaster.  Lead  covered  iron  bars  are  bad,  as  I 
have  seen,  because  the  acid  trickling  over  the  lead  wears  grooves  in  it 
and  eventually  exposes  the  iron  to  destruction. 

It  will  be  seen  from  the  accompanying  sketches  that  my  device  is 
something  in  the  form  of  a  Gothic  arch,  forming  a  large  chamber  at 
the  bottom  of  the  tower,  and  so  constructed  that  the  whole  weight  of 
the  contents  of  the  tower  rests  upon  the  bottom.  It  will  be  seen  from 
Fig.  2  that  the  bond  of  the  tower,  with  the  pi])e,  effect iially  protects 
the  lead  from  the  action  of  the  hot  burner  gas,  if  at  any  time  the 
tower  has  to  be  run  dry.  If  one  stands  inside  the  chamber.  Fig.  1, 
he  can  see  that  some  hundreds  of  apertures  are  provided  for  the 
ascending  gases,  and  that  the  descending  acid  can  nowhere  form  a  drop 
or  a  streamlet.  It  must  of  necessity  form  an  extremely  thin  and  con- 
tinuous film  over  a  very  extensive  surface. 

Thus  the  conditions  observed  in  the  tower  before  d(!scribed  are 
reversed  in  this  tower. 

1.  The  acid  distributed  in  the  upper  portions  of  the  tower  are  still 
further  distributed  at  the  bottom. 

2.  The  acid  in  a  thin  film  is  in  a  condition  more  favorable  for  deni- 
tration  by  sulphurous  acid  than  it  is  for  the  absorption  of  nitrogen 
oxides. 

In  these  chambers  7,250  lbs.  sulphur  were  used,  and  10  per  cent, 
nitrate  of  soda,  8,400  lbs.  sulphur  for  a  time  was  used,  with  nitrous 
vitriol  and  pot  charges  equal  to  11  per  cent,  to  12  per  cent,  nitrate. 

The  pot  charges  of  nitrate  were  decreased  to  3  per  cent.,  2  j)er  cent., 
1|  per  cent.,  1  per  cent.,  and  f  per  cent.  The  acid  running  from  the 
tower  was  frequently  assayed,  and  from  the  first  no  trace  of  nitrous 
acid  was  found. 

Taking  a  month's  run  of  30  days,  217,500  lbs.  sulphur  were  burned, 
and  2,466  lbs.  nitrate  of  soda  potted.  This  gives  a  chamber  space  of 
20*4  cubic  feet  ])er  lb.  sulphur  burned,  and  1*13  per  cent,  nitrate  of 
soda  potted. 

The  daily  test  of  nitrous  vitriol  for  the  month  showed  that  the  aver- 
age supply  to  the  chaml)crs  from  potting  and  nitrous  vitriol  combined 
was  equal  to  10*  11  per  cent,  nitrate  of  soda. 

10-11  X  20-4  =  206-24. 

The  yield  of  H2SO4  for  a  whole  year  was  300-48  from  100  sulphur. 
But  the  average  consumption  of  nitre  for  the  year  was  1-48  per  cent. 


August,  1883.]  Working  of  Sulphuric  Add  Chambers.  117 

This  result  was  traceable  to  three  causes : 

1.  Perfect  absorption  in  the  Gay-Lussac  tower. 

2.  Perfect  denitration  in  the  Glover  tower. 

3.  Practically  eliminating  the  influence  of  some  of  the  most  serious 
causes  of  disturbance  in  the  chamber  process,  viz.,  high  and  variable 
winds,  gusts  of  wind  and  the  states  of  the  atmosphere  indicated  by  the 
barometer. 

In  another  set  of  chambei-s  of  98,692  cubic  feet  capacity,  working 
without  Glover  or  Gay-Lussac  towers,  4,320  lbs.  .sulphur  were  used  in 
24  hours  with  a  consumption  of  8  per  cent,  nitre.  This  gives  a 
chamber  space  of  22*8  cubic  feet  per  lb.  sulphur.  Where  4,800  lbs. 
sulphur  were  used,  giving  a  chamber  space  of  20*5  cubic  feet,  10  per 
cent,  nitre  had  to  be  used.  The  yield  of  H^SO^  for  one  whole  year 
was  294-24  per  100  sulphur. 

By  the  rule  of  Mr.  H.  Pemberton,  Jr.,  the  case  would  stand  thus : 

8  X  22-8  =  182-4 
10  X  20-5  =  205-  * 


Mean,  192-7 

And  Mr.  Pemberton's  rule  that  percentage  of  nitre  multiplied  by 
chamber  space  shall  equal  280  to  300,  giving  a  mean  of  290,  when 
a|)|)liod  to  chambers  in  which  sulphur  is  used,  is  wrong  by  just  this 
difference  of  one-third.  The  rule  applies,  and  is  followed  when  pyrites 
is  used  instead  of  sulphur,  for  making  sulphuric  acid,  as  then  the 
chamber  space  is  virtually  reduced  one  third  on  account  of  the  intro- 
duction of  atmospheric  nitrogen  through  the  combustion  of  the  Fe 
into  Fe  S.^  sin)ultaneously  with  the  combustion  of  the  Sj.  The  rule 
when  applied  to  the  use  of  sulphur,  is  a  very  safe  one  to  follow,  as 
respects  yields,  as  it  should  give  the  best  results  even  where  skill  is  not 
the  best,  l)ut  where  the  best  return  for  outlay  of  rapital  upon  snl[)huric 
acid  chambers  is  sought,  that  is  dollars  and  cents,  th6  chambcr.s  will 
have  to  be  worked  by  another  rule,  viz.,  the  product  of  the  percentage 
of  nitre  by  the  number  of  cubic  feet  of  chamber  space  per  lb.  sulphur 
burnt  in  24  hours  shall  e(]u;d  200. 

1  hope,  with  Mr.  Pemberton,  that  others  will  give  the  result  of 
observation  and  experience  in  this  matter. 


118  Radiant  Matter  Spectroscopy.         [Jour.  Frank.  Insi., 

ON  EADIANT  MATTER  SPECTROSCOPY:  A  NEW 
METHOD  OF  SPECTRUM  ANALYSIS.* 


By  William  Ceookes,  F.R.S. 

For  several  years  I  have  been  examining  the  phenomena  presented 
by  various  substances  when  struck  by  the  molecular  discharge  from 
the  negative  pole  in  a  highly  exhausted  tube.  I  have  ventured  to  call 
this  discharge  "  radiant  matter,"  and  under  its  influence  a  large  num- 
ber of  substances  emit  phosphorescent  light,  some  faintly  and  others 
with  great  intensity.  On  examining  the  emitted  light  in  the  spectro- 
scope most  bodies  give  a  faint  continuous  spectrum,  with  a  more  or 
less  decided  concentration  in  one  part  of  the  spectrum,  the  superficial 
color  of  the  phosphorescing  substance  being  governed  by  this  prepon- 
derating emission  in  one  or  other  part  of  the  spectrum.  Sometimes^ 
but  more  rarely,  the  spectrum  of  the  phosphorescent  light  is  discon- 
tinuous, and  it  is  to  bodies  manifesting  this  phenomena  that  my  atten- 
tion has  been  specially  directed. 

For  a  long  time  past  I  have  been  haunted  by  a  bright  citron-colored 
band  or  line  appearing  in  these  phosphorescent  spectra,  sometimes  as  a 
sharp  line,  at  others  as  a  broader  nebulous  band,  but  having  always  a 
characteristic  appearance  and  occuring  uniformly  in  the  same  spot.  The 
best  way  to  bring  out  the  band  is  to  treat  the  substance  under  examina- 
tion with  strong  sulphuric  acid,  drive  off  excess  of  acid  by  heat,  and 
finally  to  raise  the  temperature  to  redness.  The  anhydrous  sulphate 
thus  left  frequently  shows  the  citron  band  in  the  radiant  matter  tube, 
when  before  this  treatment  the  original  substance  shows  nothing.  I 
soon  came  to  the  conclusion  that  the  substance  I  was  in  search  of  was 
an  earth,  but  on  attempting  to  determine  its  chemical  properties  I  was 
baffled. 

Much  chemical  evidence  tended  to  support  the  view  that  the  band 
might  be  due  to  a  compound  of  lime.  By  neglecting  the  portion  show- 
ing least  citron  band,  and  separating  all  the  elements  present  which  gave 
little  or  none,  I  could  generally  concentrate  the  citron  band  into  a  solu- 
tion which — according  to  our  present  knowledge  of  analytical  chemis- 
try— should  contain  little  else  than   the  earths,  alkaline  earths,  and 


*  Abstract  of  the  Bakerian  Lecture  delivered  before  the  Royal  Society, 
May  31,  1883. 
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alkalies.  Ammonia  added  to  this  solution  would  precipitate  an  earth, 
and  in  the  filtrate  oxalic  acid  would  precipitate  an  insoluble  oxalate, 
showing  the  citron  band  strongly.  This  was  found  ou  analysis  to  con- 
sist of  strontic  and  calcic  oxalates.  The  strontia  being  separated,  th( 
remaining  lime  formed  an  oxalate  which  gave  the  citron  band. 

So  far  all  the  chemical  evidence  went  to  show  that  the  band-form- 
ing substance  was  calcium,  and  further  tests  tried  with  the  purified 
oxalate  confirmed  this  inference.  Ev^ery  analytical  test  to  which  it  wa.« 
subjected  sliowed  lime,  and  nothing  but  lime;  all  the  salts  which  were 
prepared  from  it  resembled  those  of  lime,  both  physically  and  chemi- 
cally; the  flame  spectrum  gave  the  calcium  lines  with  extraordinary 
purity  and  brilliancy ;  and,  finally,  the  atomic  weight  taken  witii  great 
care,  came  out  almost  the  same  as  that  for  calcium,  39"9  as  against 
Ca40. 

On  further  examination  it  was  found  that  most  native  compounds 
of  lime  gave  the  citron  band.  It  was  found  in  clear  and  colorless  Ice- 
land spar,  natiyc  calcic  phosphate,  a  crystal  of  arragonite,  a  stalactite 
of  calcic  carbonate  from  Gibraltar,  cinnamon  stone  (lime  alumina 
garnet),  iron  slag  from  a  blast-furnace,  pink  coral,  commercial  plaster 
of  Paris,  and  most  specimens  of  ordinary  burnt  lime. 

Evidence  stronger  than  this  in  favor  of  the  view  that  the  citron  band 
was  an  inherent  characteristic  of  calcium  could  scarcely  be ;  but,  on 
the  other  hand,  there  was  evidence  equally  conclusive  that  the  band  was 
not  essential  to  calcium. 

Starting  with  a  lime  compound  which  showed  the  citron  band,  I 
could  always  obtain  a  calcic  oxalate  which  gave  the  band  stronger  than 
the  original  substance ;  but  if  I  started  with  a  lime  compound  which 
originally  gave  no  citron  band,  I  could  never  by  any  means,  chemical 
or  physical,  constrain  the  lime  or  the  earthy  j)recipitate  to  yield  a  citron 
band. 

The  only  explanation  that  F  could  see  for  this  anomaly  was  that  the 
elusive  citron  band  was  caused  by  some  element  precipitated  with  the 
calcic  oxalate,  but  present  in  a  ((uantity  too  small  to  be  dete(;ted  by 
ordinary  chemical  n)cnns.  The  calcic  oxalate  was  ignited  and  dissolved 
in  hydrochloric  acid,  and  fractionally  precipitated  in  three  portions 
with  ammonic  oxalate,  the  first  and  third  portions  being  coini)aratively 
small.  They  were  then  tested  in  the  radiant  matter  tube.  All  three 
portions  showed   the  citron   band,  but   the   |)()i-(ion  which   came  down 
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first  gave  the  band  decidedly  the  strongest,  and  the  third  portion  pre- 
cipitated showed  it  weakest. 

It  having  been  found  that  the  substance  giving  the  citron  band 
formed  a  sulphate  more  soluble  in  water  than  calcic  sulphate,  four 
pounds  weight  of  commercial  plaster  of  Paris,  which  showed  very  faint 
traces  of  the  citron  band,  were  mixed  with  water  and  poured  on  a  large 
filter.  A  few  ounces  of  water  were  poured  on,  and  after  passing 
through,  poured  back,  and  the  exhaustion  repeated  several  times.  The 
aqueous  extract  was  then  evaporated  to  dryness,  ignited  with  sulphuric 
acid,  ground  in  a  mortar  with  small  successive  quantities  of  water,  and 
precipitated  with  amnionic  oxalate.  The  precipitate,  ignited  with  sul- 
phuric acid,  showed  the  citron  band  very  fairly,  far  more  intensely 
than  it  was  seen  in  the  original  calcic  sulphate. 

These  experiments  are  conclusive  in  proving  that  the  citron  band  is 
not  due  to  calcium,  but  to  some  other  element,  probably  one  of  the 
earthy  metals,  occurring  in  very  minute  quantities  but  widely  dis- 
tributed along  with  calcium,  and  I  at  once  commenced  experiments  to 
find  a  more  abundant  supply  of  the  body  sought  for.  Amongst  other 
substances  tested  I  may  note  the  following  as  giving  a  more  or  less 
decided  citron  band  in  the  spectrum  when  treated  with  sulphuric  acid 
in  the  manner  indicated  above :  Crystallized  barytic  chlorate,  heavy 
spar,  common  lime-stone,  strontic  nitrate,  native  strontic  carbonate, 
crystallized  uranic  nitrate,  commercial  magnesic  sulphate,  commercial 
potassic  sulphate,  tobacco  ash,  Wagnerite  (magnesic  phosphate  and 
fluoride),  zircon,  cerite,  and  commercial  eerie  oxalate. 

Some  specimens  of  zircon  appeared  sufficiently  rich  to  make  it  prob- 
able that  here  might  be  found  an  available  source  of  the  citron-band 
yielding  body.  I  found  it  in  crystals  from  Green  River,  North  Caro- 
lina, from  Ceylon,  from  Expailly,  from  Miask  (Oural),  and  from 
Brevig,  and  having  a  good  supply  of  North  Carolina  zircons,  these 
were  worked  up  by  a  process  given  in  detail  in  the  paper. 

I  may  condense  a  year's  work  on  zircon, — over  ten  pounds  weight 
of  crystals  from  North  Carolina  having  been  Avorked  up — by  stating 
that  the  result  was  comprised  in  about  300  grains  of  an  earthy  residue, 
and  about  two  ounces  of  oxalate,  chiefly  calcic ;  the  former  gave  the 
citron  band  very  well. 

The  zirconia  prejiared  from  these  zircons,  when  tested,  sometimes 
showed  the  citron  bund,  and  at  other  times  none.  A  zirconia  rich  in 
citron  band,  fractionally  precipitated  by  ammonia,  yielded  precipitates 
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of  increasing  richness,  the  last  fraction  showing  the  citron  band  strongly. 

The  calcic  oxalate  obtained  from  zircon  gave  unsatisfactory  results, 
so  attention  was  directed  to  the  earthy  residue.  This  was  found  to  be 
of  highly  complex  character,  containing  thoria,  ceria,  lanthana,  didymia, 
yttria,  and  probably  some  of  the  newly-discovered  rarer  earths. 

Tiie  position  of  the  citron  band  in  the  spectrum  falls  exactly  on  the 
strongest  absorption  band  of  didymium,  so  that  a  piece  of  didymium 
glass  or  cell  of  solution  of  the  nitrate  entirely  obliterates  the  citron 
band.     This  naturally  suggested  that  the  band  was  due  to  didymium. 

Cerite  was  accordingly  the  next  mineral  experimented  on.  The 
powdered  mineral  tested  in  the  tube  in  the  original  way  gives  a  good 
citron  band.  The  mixed  earths  after  extraction  M'ere  converted  into 
sulphates,  dissolved  in  water,  and  the  cerium  metals  precipitated  by 
long  digestion  with  excess  of  potassic  sulphate. 

The  precipitated  double  sulj)hates  were  converted  into  oxalates,  and 
after  ignition  and  treatment  with  sulj)huric  acid,  the  mixed  ceria,  lan- 
thana, and  didymia  were  tested  in  the  radiant  matter  tube,  but  the 
merest  trace  only  of  citron  band  was  visible. 

This  experiment  proved  the  inadequacy  of  the  didymium  explana- 
tion, and  further  tests  showed  that  not  only  could  I  get  no  citron  band 
in  pure  didymium  compounds,  but  the  spectrun:  entirely  failed  to  detect 
didymium  in  many  solutions  of  the  earth  which  gave  the  citron  band 
brilliantly. 

Attention  was  now  turned  to  the  solution  filtered  from  the  insoluble 
double  sulphates.  Potash  was  added,  and  the  precipitate  filtered  off, 
and  tested  in  a  radiant  matter  tube.  The  spectrum,  of  extraordinary 
brilliancy,  was  far  brighter  than  any  1  had  hitherto  obtained.  Unfor- 
tunately, however,  the  quantity  was  too  small  to  be  subjected  to  very 
accurate  chemical  analysis. 

Search  was  now  made  amongst  other  minerals  rich  in  the  rarer 
earths.  Thorite  was  finely  powdered,  treated  with  sulj)huric  acid,  and 
tested  in  the  radiant  matter  tube.  It  gave  the  citron  spa^truin  most 
brilliantly — etpial  in  fact  to  the  mixture  of  earths  obtained  fi-om  zircons 
at  so  great  an  expciiiditure  of  time  and  trouble.  Orangite  treated  in 
the  same  manner  gave  almost  as  good  a  spectrum.  Pure  thorinic  sul- 
phate prepared  by  myself  was  found  not  to  give  the  citron  band,  but 
three  specimens  prej)are(l  and  given  to  me  l)y  friends  all  gave  it,  so  it 
was  not  unlikely  that  in  thorite  and  orangite  might  at  last  be  found  a 
good  source  of  the  long-sought  element — that  in  fact  \\\v  body  T  was 
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hunting  for,  if  not  thorina,  might  possibly  be  Bahr's  hypothetical 
Wasium.  Two  pounds  of  orangite  and  thorite  were  extracted  with 
hydrocliloric  acid.  The  solution  was  precipitated  with  potassic  sul- 
phate, taking  the  usual  precautions  to  secure  complete  precipitation. 
A  bulky  precipitate  ensued,  which  containad  the  thorina  and  cerium 
earths.  These  Avere  separated  and  tested,  and  found  to  give  only  a 
faint  citron  band. 

The  solution  of  earthy  sulphates  soluble  in  potassic  sulphate  was 
precipitated  with  ammonic  oxalate.  The  precipitate  ignited  with  sul- 
phuric acid,  and  tested  in  a  radiant  matter  tube,  gave  the  citron  spec- 
trum with  great  brilliancy. 

Certain  chemical  facts  concerning  the  behavior  of  the  sought-for  ele- 
ment which  came  out  during  the  course  of  the  tentative  trials  described 
in  the  paper  considerably  narrowed  the  list  amongst  which  it  might 
probably  be  found.  All  the  evidence  tends  to  show  that  it  belongs  to 
the  group  of  earthy  metals,  consisting  of  aluminium,  beryllium,  thorium, 
zirconium,  cerium,  lanthanum,  didymium,  and  the  yttrium  family,  to- 
gether with  titanium,  tantalum,  and  niobium.  The  sought-for  earth 
is  insoluble  in  excess  of  potash;  this  excludes  aluminium  and  beryll- 
ium. It  is  not  precipitated  by  continued  boiling  with  sodic  thiosul- 
phate;  this  excludes  aluminium,  thorium,  and  zirconium.  Fused  with 
acid  potassic  sulphate,  the  resulting  compound  is  readily  soluble  in 
cold  water;  this  excludes  tantalum  and  niobium.  Evaporating  to  dry- 
ness with  hydrochloric  acid  and  heating  for  some  time  does  not  render 
the  mass  insoluble  in  water;  this  excludes  titanium  and  silicium.  It 
is  easily  soluble  in  an  excess  of  a  saturated  solution  of  potassic  sul- 
phate ;  this  excludes  thorium,  the  cerium  group,  some  of  the  numerous 
members  of  the  yttrium  group,  and  zirconium.  The  only  remaining 
elements  among  which  this  elusive  body  would  probably  be  found  are 
those  members  of  the  yttrium  family  which  are  not  precipitated  by 
potassic  sulphate. 

The  yttria  earths  form  a  somewhat  numerous  family.  Fortunately 
for  chemists,  a  mineral  rich  in  yttria  earths— samarskite — has  been 
found  lately  in  large  quantity  in  Mitchell  County,  North  Carolina,  and 
to  this  mineral  I  accordingly  now  directed  my  attention. 

The  following  list  of  elements  of  the  yttrium  and  its  allied  families 
said  to  occur  in  samarskite  and  similar  minerals  may  be  considered 
complete  to  the  pre.sent  time. 


August,  1883.]  Radiant  Matter  Spectroscopy.  123 

Hydrogen 
equivalent  of 
Absorption  Metal.* 

Name.  Spectrum.  (Type  of  Oxide 

MoO.) 

Cerium No  47'1 

Decipium Yes  o7-0 

Didyiuium Yes  48"o 

Didymium  fi Yes  47'0 

Erbium Y'es  .5.5'3 

Holmium Y'es  o4"0 

Lanthanum No  46*0 

Mosandrum No  .51-2 

Samarium \'es  500 

Scandium No  14"7 

Terbium No  49o 

Thulium Yes  56-5 

Ytterbium No  o7'9 

Yttrium No  29-7 

Yttriuma No  52-2 

Yttrium /i Yes  49-7 

Some  of  these  claimants  it  is  certain  Avill  not  stand  tlie  test  of  further 
scrutiny.  Thus  samarium  and  yttrium  fi  are  in  all  probability  identi- 
cal ;  and  I  have  not  included  philippium,  as  Roscoe  has  conclusively 
proved  that  this  is  a  mixture  of  terbium  and  yttrium,  and  my  own 
results  confirm  those  of  Roscoe.  ^Moreover,  some  of  these  so-called 
elements  will  probably  turn  out  to  be  mixtures  of  other  known  ele- 
ments. But  in  the  confessedly  very  imperfect  state  of  our  knoAvledge 
of  the  chemistry  of  these  metals  it  is  not  safe  for  me  in  this  research  to 
assume  that  any  one  of  them  will  surely  not  survive.  The  complete 
list  as  it  stands  will,  therefore,  be  taken  to  contain  all  hitherto  claimed 
as  new,  although  it  is  almost  certain  to  include  too  many. 

In  the  second  column  "Yes"  or  "No"  indicates  whether  the  solu- 
tions give  an  absorption  spectrum  when  examined  by  transmitted  light. 
After  numerous  experiments  I  satisfied  myself  that  the  metal  giving 
the  citron  band  spectrum  was  not  one  of  those  giving  an  absorption 
spectrum.  The  possible  elements,  therefore,  became  narrowwl  to  the 
following  li-^t:  Cerium,  lanthanum,  mosandrum,  scandium,  terbium, 
thoriuui,  ytterbium,  yttrium,  yttrium  a  and  zirconium. 

Of  these  the  potassic  sulphate  reaction  excludes  cerium,  lanthanum, 

*  As  it  is  at  i)resent  doubtful  whether  the  oxides  of  several  of  the  metals 
in  this  table  beionfjj  to  the  type  M./),  M./)^,  or  MO,  I  have,  for  the  sake  of 
uniformity,  and  simplicity  in  ealculatin<jj  the  values  from  the  composition  of 
their  salts,  by  which  these  metals  are  chiefly  discriiiiinated,  taken  the  type 
of  oxide  to  be  M./). 
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scandium,  thorium,  yttrium  a,  and  zirconium,  so  tliere  are  left  only  the 
following : 

Mosandruni,  Terbium, 

Ytterbium.  Yttrium. 

Certain  chemical  reactions  for  a  long  time  made  me  dismi.ss  yttrium 
from  the  first  list  of  likely  bodies.  In  my  analysis  of  zircons,  towards 
the  latter  part  of  the  process,  I  used  the  following  process  to  separate 
the  iron  :  The  solution  mixed  with  tartaric  acid  and  excess  of  ammonia 
was  allowed  to  stand  for  some  time.  A  small  quantity  of  a  precipi- 
tate gradually  formed,  which  was  filtered  oif,  and  it  was  tliis  filtrate, 
after  separating  the  iron  with  ammonic  sulphide,  that  yielded  the 
greatest  quantity  of  substance  giving  the  citron  band.  Now  one  of  the 
methods  of  separating  yttria  from  alumina,  berylla,  thoria,  and  zir- 
con ia  is  to  precipitate  it  as  tartrate  in  the  presence  of  excesses  of  am- 
monia, the  other  earths  remaining  in  solution.  Fresenius  says  :  "The 
precipitation  ensues  only  after  some  time,  but  it  is  complete." 

The  precipitate  thus  obtained  with  tartaric  acid  and  ammonia,  should 
therefore  contain  all  the  yttria — it  gave  no  citro)t  band  whatever  in  the 
radiant  matter  tube ;  whilst  the  residue,  which  should  be  free  from 
yttria,  proved  for  a  long  time  the  only  source  of  material  wherewith 
to  investigate  the  chemical  properties  of  the^  body  giving  the  citron 
spectrum. 

Another  reason  which  made  me,  at  this  stage  of  the  research,  pass 
over  yttria,  was  that  I  had  already  tested  this  earth  in  the  radiant 
matter  tube.  In  a  paper  on  "  Discontinuous  Phosphorescent  Spectra 
in  High  Vacua,^'  read  before  the  Royal  Society,  May  19,  1881,  I 
said:  "Yttria  shows  a  dull  greenish  light  giving  a  continuous  spec- 
trum." 

For  these  rea.sons  I  for  a  long  time  omitted  yttria  from  my  list  of 
possible  bodies,  and  considered  that  the  earth,  if  not  a  new  one,  might 
turn  out  to  be  either  mosandra,  terbia,  or  ytterbia. 

About  lo  lbs.  weight  of  samarskite  was  Avorked  up,  partly  by  the 
hydrofluoric  acid  method  of  Lawrence  Smith,  and  partly  by  fusion 
with  potassic  bisulphate. 

These  methods  both  gave  as  a  result  a  large  quantity  of  mixed 
earths  containing  mo.st,  if  not  all,  the  bodies  enumerated  in  the  fore- 
going list.  Tested  in  the  radiant  matter  tube  this  mixture  gave  the 
•citron  spectrum  very  brilliantly. 

These  earths  were  treated  by  a  series  of  chemical  processes  too  long 
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and  complicated  to  describe  in  this  abstract,  and  the  result  of  about 
five  hundred  fractional  precipitations  gave  me  a  mixture  of  earths 
having  an  H  equivalent,  M=48,  and  showing  a  strong  absorption 
spectrum ;  a  mixture  having  an  H  equivalent,  M=33,  having  no 
absorption  spectrum  ;  and  intermediate  earths. 

In  the  radiant  matter  tube  all  these  fractions  gave  the  citron  band 
spectrum  well,  but  that  of  the  earth  of  lowest  equivalent  was  much 
the  brightest,  and  that  of  the  highest  equivalent  the  least  intense. 

Three  methods  are  available  for  the  partial  separation  of  these  earths, 
and  for  the  complete  purification  of  any  one  of  them.  The  formic 
acid  process  is  best  for  separating  terl)ia,  as  terbic  formate  is  difficultly 
soluble  in  water,  the  other  formates  being  easibly  soluble. 

Fractional  precipitation  with  oxalic  acid  separates  first  crbia,  holmia 
and  thulia,  then  terbia,  and  lastly  yttria.  This  is  the  only  method 
which  is  ap[)licable  for  the  separation  of  small  quantities  of  terbia  from 
yttria. 

Fusing  the  nitrates  separates  ytterbia,  erbia,  holmia  and  thulia  from 
yttria.  It  is  not  so  applicable  when  terbia  is  present,  and  is  most 
useful  in  purifying  the  gadolinite  earths.  This  process  is  tlic  only 
one  known  for  separating  ytterbia  from  yttria. 

Selection  must  be  made  of  these  methods  according  to  the  mixture 
of  earths  under  treatment,  changing  the  method  as  one  earth  or  the  other 
becomes  concentrated  on  one  side  or  thrown  out  on  the  other.  Each 
operation  must  be  repeated  many  times  before  even  approximate  purity 
is  attained.  The  operations  are  more  analogous  to  the  separation  of 
members  of  homologous  series  of  hydrocarbons  by  fractional  distilla- 
tion than  to  the  separations  in  mineral  chemistry  as  ordinarily  adopted 
in  the  laboratory. 

Pure  terbia  ignited  with  sulphuric  a(;id  and  tested  in  the  radiant 
matter  tube  shows  no  citron  band  spectrum. 

A  concentrated  solution  of  the  purest  terbia  obtained  in  this  way, 
when  examined  by  the  spectroscope,  showed  no  absorption  lines  what- 
ever— proving  the  absence  of  erbium,  holmium  and  thulium. 

I  did  not  attempt  any  separation  of  erbium,  holmium  and  thulium 
from  each  other,  as  the  evidence  obtained  was  sufficient  to  .show  that 
the  element  giving  the  citron  band  .spectrum  wtia  not  one  of  these  three 
metals.  Likewi.se  I  had  far  too  little  material  to  enable  mc  to  enter 
on  a  work  of  such  difficulty  with  any  pro.spect  of  success. 

The  chemical  characters  of  mosandra  are  so  little  known  that  I  could 
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not  attempt  to  search  for  it.  But  as  the  citron  band-forming  eai'th 
always  appeared  concentrated  amongst  those  whose  double  sulphates 
were  most  soluble  in  potassic  sulphate, — and,  of  these,  amongst  those 
having  the  palest  color  and  the  lowest  atomic  weight, — it  \vas  scarcely 
conceivable  that  the  earth  I  was  in  search  of  should  ultimately  prove 
to  be  one  whose  properties  did  not  in  any  case  correspond  to  these, — 
of  a  dark  orange  yellow  color,  forming  a  difficultly  soluble  double 
potassic  svilphate,  and  having  the  very  high  equivalent  of  M=51'2  ; 
these  being  the  properties  ascribed  to  mosandra  by  the  discoverer, 
Professor  Lawrence  Smith. 

Ytterbia  was  prepared  from  gadolinite,  as  this  mineral  is  said  by 
Nilson  to  contain  most  ytterbia.  It  was  separated  from  accompanying 
earths  by  processes  described  in  the  paper.  The  resulting  earth  gave 
at  first  a  faint  citron  band  spectrum,  evidently  due  to  impurity ;  on 
repeating  the  purification  several  times  I  at  last  succeeded  in  obtaining 
a  white  earth  which  gave  only  the  merest  trace  of  citron  band  spec- 
trum. Its  hydrogen  equivalent,  58*0,  and  its  chemical  properties 
showed  that  it  was  probably  Marignac's  ytterbia.  Subsequent  experi- 
ments satisfied  me  that  this  earth  did  not  contain  more  than  l-10,000th 
part  of  yttria.  The  extreme  tediousness  of  the  chemical  operations 
nece-ssary  to  obtain  this  high  degree  of  purity,  and  the  long  time  they 
required,  prevented  me  from  pushing  these  results  beyond  what  was 
necessary  to  prove  the  special  point  at  issue. 

The  yttria,  purified  as  already  described,  might  still  contain  traces 
of  terbia,  together  with  erbia,  holmia  and  thulia.  These  were  gradu- 
ally removed  by  the  fusing  nitrate  process.  The  atomic  weight  gradu- 
ally got  down  to  31  "0,  but  the  spectra  did  not  vary  very  much;  that 
from  the  earth  of  lowest  atomic  weight  being,  however,  the  most  bril- 
liant. 

Pure  yttria  is  quite  white.  That  from  gadolinite  on  testing  in  the 
radiant  matter  tube  gave  a  spectrum  absolutely  identical  with  that 
given  by  the  zircon,  cerite,  thorite  orangite,  and  samarskite  yttria.  Pure 
yttria  was  also  prepared  from  yttro-tantalite,  euxenite,  tyrite,  and  also 
from  plaster  of  Paris  and  common  limestone.  In  no  case  could  I  de- 
tect any  difference  in  the  position  or  intensity  of  the  lines  shown  by 
their  phosphorescent  spectra. 

THE    PHOSPHORESCENT    SPECTRUM    OF    YTTRIA. 

The  spectrum  shown  by  pure  ignited  yttric  sulphate  in  a  radiant 
matter  tube  is  one  of  the  most  beautiful  objects  in  the  whole  range  of 
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spectroscopy.  The  spectrum  is  best  seen  under  low  dispersion  and  not 
too  narrow  a  slit.  It  consists  essentially  of  a  broad  red  band,  an 
intensely  brilliant  citron  band,  and  two  almost  equally  brilliant  green 
bands.  Other  fainter  lines  are  also  seen,  but  they  are  not  characteristic. 
Colored  drawings  and  maps  of  the  spectrum  to  scale  accompany  the 
paper.  This  description  applies  to  the  spectrum  siiown  either  by  pure 
yttric  sulphate  or  by  an  earth  tolerably  rich  in  yttria.  When  traces 
are  present,  the  citron  band  only  is  seen.  A  little  more  yttria  brings 
out  the  first  and  then  the  second  green  band,  and  finally,  as  the  pro- 
portion of  yttria  increases,  the  red  and  blue  bands  appear. 

The  paper  next  gives  a  description  of  experiments  made  Avlth  pure 
yttria,  and  with  various  compounds  of  it,  to  see  which  would  give  the 
most  characteristic  spectrum.  The  sulphate  heated  to  redness  was 
found  to  give  the  best  results.  Pure  yttria  precipitated  by  ammonia 
did  not  phosphoresce  in  the  slightest  degree,  and,  necessarily,  no  citron 
band  spectrum  was  to  be  seen.  The  yttria  was  removed  from  the  tube, 
converted  into  sulphate,  heated  to  redness,  and  again  tested.  -  This 
time  it  gave  the  citron  band  magnificently.  This  shows  what  appar- 
ently trivial  circumstances  will  alter  the  whole  course  of  an  investiga- 
tion. In  1881,  when  searching  for  discontinuous  phosphorescent 
spectra,  I  tried  a  similar  experiment  with  pure  precipitated  yttria,  and 
entirely  missed  its  citron  band  spectrum.  Had  I  first  treated  the  yttria 
with  sulphuric  acid  instead  of  testing  the  earth  itself  in  the  radiant 
matter  tube  the  results  would  have  been  very  different,  and  this  research 
would  probably  have  never  been  undertaken. 

Yttria  Avas  now  prepared  by  igniting  the  precipitated  oxalate  at  a 
red  heat.  On  testing  it  in  the  radiant  matter  tube  it  phosphoi-esced 
with  feeble  intensity,  the  light  being  about  one-twentieth  of  that  given 
by  the  ignited  sulpiiate  under  similar  conditions.  The  citron  band 
wius  almost  as  sharp  as  the  sodium  line,  and  was  shifted  one  division 
towards  the  blue  end.  The  tvv'o  green  bands  were  visible,  but  very 
hazy  and  indistinct,  and  only  to  be  resolved  into  bands  with  difficulty. 

It  is  an  old  and  probably  a  true  saying  that  every  element  could  be 
detectetl  everywhere  had  we  sufficiently  delicate  tests  for  it.  Early 
observations  had  prepared  me  fi)r  the  wide  distribution  of  yttrium,  and 
no  soonci-  had  the  exquisite  sensitiveness  of  tiiis  spectrum  test  forced 
itself  on  my  notice  than  I  sought  for  yttrium  in  other  minerals.  The 
facts  which  1  had  noticed  in  connection  with  the  variation  of  the  appear- 
ance of  the  citron  spectrum,  according  to  the  quantity  of  yttrium  pres- 
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ent,  showed  that  it  might  be  possible  to  devise  a  process  for  the  rough 
quantitative  estimation  of  yttrium,  and  after  several  experiments  a 
spectrum  test  was  devised  sufficiently  delicate  to  detect  one-millionth 
part  of  yttria  in  a  mineral.  A  table  is  given  showing  the  results  of 
this  quantitative  spectrum  analysis,  from  which  it  is  seen  that  amongst 
other  substances  pink  coral  contains  one  part  of  yttrium  in  200  parts ; 
strontianite,  one  part  of  yttrium  in  500  parts;  cuondrodite,  from 
Mount  Somma,  one  part  in  4,000 ;  calcite,  one  part  in  10,000 ;  ox  bone, 
one  part  in  10,000;  an  earthy  meteorite  (Alfianello),  one  part  in  100,- 
000,  and  tobacco  ash,  one  part  in  1,000,000. 


THE    CAUSE    OF    EVIDENT     MAGNETISM     IN    IRON, 
STEEL,  AND  OTHER  MAGNETIC  METALS.* 

By  Professor  D.  E.  Hughes,  F.R.S.  ' 

The  extreme  sensitiveness  of  the  induction  balance  to  all  molecular 
changes  in  the  structure  of  metals  was  remarked  in  my  first  paper  on 
this  subject  'to  the  Royal  Society  ;t  aiid  in  tlie  case  of  iron  and  steel  it 
is  most  remarkable,  as  the  addition  or  substraction  of  5-00V0 o"  V^^%  ^r 
the  addition  of  the  smallest  iron  filing  to  an  already  large  balanced 
mass  of  iron,  is  at  once  rendered  evident  and  measurable.  Possessing 
such  an  invaluable  instrument  of  research,  I  was  desirous  of  investi- 
gating the  molecular  construction  of  iron  and  steel,  but  at  once  I  met 
with  a  difficulty,  viz.,  that  magnetism  itself  completely  changed  the 
character  of  any  piece  of  iron  under  investigation.  Consequently, 
finding  no  help  or  explanation  of  the  effects  produced  from  any  ac- 
cepted theories  of  magnetism,  I  was  forced  to  investigate,  by  means  of 
the  induction  balance,  the  whole  question  of  magnetism  as  existing  in 
the  interior  of  a  magnet,  and  to  determine  the  particular  structure  for 
each  case,  such  as  neutrality  and  polarity.  In  a  recent  paper  to  the 
Royal  Society,  upon  the  theory  of  magnetisra,|  I  described  the  use  of 
and  demonstrations  obtained  by  the  induction  balance.  In  this  paper 
I  propose  to  confine  myself  to   demonstrations  that  can  be  repeated 

*Read  before  the  Society  of  Telegraph  Engineers  and  of  Electricians, 
May  24,  1883. 

t "  On  an  Induction  Current  Balance  and  Experimental  Researches  made 
therewith."— iVoceedwrys  -Hoijal  SocicUj,  March  29,  p.  56,  1879. 

X  Proceedinf/s  Itoyal  Socieiy,  May  10,  1883. 
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without  it,  and  whose  eifects  can  be  observed  by  the  aid  of  ordinary- 
magnetic  direction  needles.  That  magnetism  is  of  a  molecular  nature 
has  long  been  accepted,  for  it  is  evident  that,  no  matter  how  much  we 
divide  a  magnet,  we  still  have  its  two  poles  in  each  separate  portion, 
consequently  we  can  easily  imagine  this  division  carried  so  far  that  we 
should  at  last  arrive  at  the  molecule  itself  possessing  its  two  distinctive 
poles,  consequently  all  theories  of  magnetism  attempt  some  explanation 
of  the  cause  of  this  molecular  polarity,  and  the  reason  for  apparent 
neutrality  in  a  mass  of  iron.  Couloumb  and  Poisson  assume  that 
each  molecule  is  a  sphere  containing  two  distinct  juagnetic  fluids, 
which  in  the  state  of  neutrality  are  mixed  together,  but  when  polarized 
are  separated  from  each  other  at  oj)posite  sides ;  and,  in  order  to  ex- 
plain why  these  fluids  are  kept  apart  as  in  a  permanent  magnet,  they 
had  to  assume,  again,  that  each  molecule  contained  a  peculiar  coercive 
force,  whose  functions  were  to  prevent  any  change  or  mixing  of  these 
fluids  when  separated. 

There  is  not  one  experimental  evidence  to  prove  the  truth  of  this 
assumption  ;  and  as  regards  coercive  force,  we  have  direct  experimental 
proof  opposing  this  view,  as  we  know  that  molecular  rigidity  or  hard- 
ness, as  in  tempered  steel,  and  molecular  freedom  or  softness,  as  in 
soft  iron,  fulfill  all  the  conditions  of  this  assumed  coercive  force.  Am- 
pere's theory,  based  upon  the  analogy  of  electric  currents,  supposes 
elementary  currents  flowing  around  each  molecule,  and  that  in  the 
neutral  state  these  molecules  are  arranged  haphazard  in  all  directions, 
but  that  magnetization  consists  in  arranging  tliem  symmetrically.  The 
objections  to  Ampere's  theory  are  numerous.  1st.  We  have  no 
knowledge  or  experimental  proof  of  any  elementary  electric  currents 
continually  flowing  without  any  expenditure  of  energy.  2d.  If  we 
admit  the  assumption  of  electric  currents  around  each  molecule,  the 
molecule  itself  would  then  be  electro-magnetic,  and  the  (piestion  still 
remains,  what  is  polarity?  Have  the  supposed  electric  currents  sep- 
arated the  two  assumed  magnetic  fluids  contained  in  the  molecule,  as 
in  Poisson's  theory  ?  or  are  the  electric  currents  themselves  magnetic, 
independent  of  the  iron  n'olecule?  In  order  to  produce  the  supj)osed 
heterogeneous  arrangement  of  neutrality,  Ampere's  currents  would  have 
either  to  change  their  position  upon  the  molecule,  and  have  no  fixed 
axis  of  rotation,  or  else  the  molecule,  with  its  currents  and  polarities, 
would  rotate,  and  thus  be  acting  in  accordance'  with  the  theorv  of  De 
la  Rive.  ."id.  This  theory  does  not  explain  why  (as  in  the  case  of  soft 
Whole  No.  Vol.  CXVI.— (Third  Sekies,  Vol.  Ixxxvi.)  9 
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iron)  polarity  should  disappear  whenever  the  exciting  cause  is  removed, 
as  in  the  case  of  transient  magnetization.  It  would  thus  require  a  co- 
ercive force  in  iron  to  cause  exactly  one-half  of  the  molecules  to  in- 
stantly reverse  their  direction,  in  order  to  pass  from  apparent  external 
polarity  to  that  of  neutrality.  The  influence  of  mechanical  vibrations 
and  stress  upon  iron  in  facilitating  or  discharging  its  magnetism,  as 
proved  by  INIatteucci,  1847,  in  addition  to  the  discovery  by  Page,  1837, 
of  a  molecular  movement  taking  place  in  iron  during  its  magnetization, 
producing  audible  sounds,  and  the  discovery  by  Dr.  Joule,  1842,  of 
the  elongation  of  iron  when  magnetized,  led  De  la  Rive,  in  his  re- 
markable Treatise  on  Electricity,  1853,  to  give  his  theoretical  views 
upon  magnetism  in  the  following  remarkable  words:  "The  whole  of 
the  magnetic  molecular  phenomena  that  we  have  been  studying  lead 
us  to  believe  that  the  magnetization  of  a  body  is  due  to  a  particular 
arrangement  of  its  molecules,  originally  endowed  with  magnetic  virtue, 
but  which  in  the  natural  state  are  so  arrano-ed  that  the  magnetism  of 
the  body  that  they  constitute  is  not  apparent.  Magnetism  would, 
therefore,  consist  in  disturbing  this  state  of  equilibrium,  or  in  giving 
to  the  particles  an  arrangement  that  makes  manifest  the  property  with 
which  they  are  endowed,  and  not  in  developing  it  in  them.  The 
coercitive  force  should  be  the  resistance  of  the  molecules  to  change 
their  relative  positions." 

Wiedermann,  in  1861,  gives  a  theory  in  which  he  admits  the  fluids 
of  Poisson,  or  the  elementary  currents  of  Ampere,  as  the  cause  of 
polarity  of  the  molecule,  but  believes  that  the  molecules  are  turned  in 
a  general  direction  in  the  case  of  polarity,  and  that  in  neutrality,  like 
Ampere's,  the  magnetic  axes  of  the  molecules  are  turned  in  all  direc- 
tions. Maxwell,  in  his  remarkable  treatise  on  '^  Electricity  and  Mag- 
netism," 1881,  page  75, gives  the  following  resume  of  Weber's  theory: 
"  Weber's  theory  differs  from  Poisson's  in  assuming  that  the  molecules 
of  the  iron  are  always  magnets,  even  before  the  application  of  the  mag- 
netising force,  but  that  in  ordinary  iron  the  magnetic  axes  of  the  mole- 
cules are  turned  indifferently  in  every  direction,  so  that  the  iron,  as  a 
whole,  exhibits  no  magnetic  properties."  And  again,  page  429,  Max- 
well says  he  agrees  with  Weber's  views,  and  that  neutrality,  or  unmag- 
netized  iron,  has  the  axes  of  its  molecules  placed  indifferently  in  all 
directions,  and  that  the  act  of  magnetization  consists  in  turning  all  the 
molecules  so  that  their  axes  are  either  rendered  all  parallel  to  one 
direction,  or  at  least  deflected  in  that  direction.     I  have  quoted  these 
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several  theories  which  admit  of  the  inherent  polarity  of  the  molecule, 
and  in  that  respect  they  entirely  agree  with  my  own  ;  but  the  induction 
balance  at  once  shows  that  they  are  erroneous  in  the  most  important 
part,  for  my  researches  have  proved  that  neutrality  is  perfectly  sym- 
metrical, that  there  is  no  case  of  neutrality  where  the  axes  of  the  mole- 
cules are  turned  indifferently  in  all  directions,  and  that  we  cannot 
obtain  perfect  neutrality  except  when  the  molecules  form  a  complete 
closed  circuit  of  attraction.  I  believe  that  a  true  theory  of  magnetism 
should  admit  of  complete  demonstration,  that  it  should  present  no 
anomalies,  and  that  all  the  known  effects  should  at  once  be  explained 
by  it.  From  numerous  researches  I  have  gradually  formed  a  theory 
of  magnetism  entirely  based  upon  experimental  results,  and  these  have 
led  me  to  the  following  conclusions  : 

1.  That  each  molecule  of  a  piece  of  iron,  steel,  or  other  magnetic 
metal  is  a  separate  and  independent  magnet,  having  its  two  poles  and 
distribution  of  magnetic  polarity  exactly  the  same  as  its  total  evident 
magnetism  when  noticed  upon  a  steel  bar-magnet. 

2.  That  each  molecule,  or  its  polarity,  can  be  rotated  in  either  direc- 
tion upon  its  axis  by  torsion,  stress,  or  by  physical  forces  such  as  mag- 
netism and  electricity. 

8.  That  the  inherent  polarity  or  magnetism  of  each  molecule  is  a 
constant  quantity  like  gravity ;  that  it  can  neither  be  augmented  nor 
destroyed. 

4.  That  when  we  have  external  neutrality,  or  no  apparent  magnetism, 
the  molecules,  or  their  polarities,  arrange  themselves  so  as  to  satisfy 
their  mutual  attraction  by  the  shortest  path,  and  thus  form  a  complete 
closed  circuit  of  attraction. 

5.  That  when  magnetism  becomes  evident,  the  molecules  or  their 
polarities  have  all  rotated  symmetrically  in  a  given  direction,  pro- 
ducing a  north  pole  if  rotated  in  that  direction  as  regards  the  piece  of 
steel,  or  a  south  pole  if  rotated  in  the  opposite  direction.  Also,  that 
in  evident  magnetism,  we  have  still  a  symmetrical  arrangement,  but 
one  whose  circles  of  attraction  are  not  completed  except  through  an 
external  armature  joining  both  poles. 

6.  That  we  have  permanent  magnetism  when  the  molecular  rigidity, 
as  in  tempered  steel,  retains  them  in  a  given  direction,  and  transient 
magnetism  whenever  the  molecules  rotate  in  comparative  freedom,  as 
in  soft  iron. 
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EXPERIMENTAL    EVIDENCES. 

In  the  above  theory  the  coercive  force  of  Poisson  is  replaced  by 
molecular  rigidity  and  freedom;  and  as  the  effects  of  mechanical  vibra- 
tions, torsion,  and  stress  upon  the  apparent  destruction  and  facilitation 
of  magnetism  is  well  known,  1  will,  before  demonstrating  the   more 
serious  parts  of  the  theory,  cite  a  few  experiments  to  prove  that  mole- 
cular rigidity  fulfils  all  the  requirements  of  an  assumed  coercive  force. 
The  influence  of  vibrations,  torsion,  or  stress  of  any  kind  upon  a  mag- 
netized steel  or  iron  rod  may  be  seen  by  striking  with  a  wooden  mallet 
rods  of  hard  and  soft  steel,  also  hard  and  soft  iron  previously  magnet- 
ized to  a  known  degree.     The  tempered  steel,  owing  to  its  molecular 
rigidity,  will  lose  but  5  per  cent.,  the  soft  steel  60,  hard  iron  50,  and 
soft  Sweedish  iron  99  per  cent,  of  its  magnetism,  the  amount  of  loss 
depending  not  so  much  upon  whether  the  metal  be  steel  or  iron  as 
upon  its  degree  of  hardness  and  softness;  and  as  hard  steel  requires  far 
more  power  to  magnetize  it  to  the  same  force  than  iron,  it  is  possible 
to  imagine  a  steel  so  hard  that  its  molecules  could  not  rotate,  and  that, 
consequently,  no  magnetism  could  be  manifested  from  a  given  inducing 
cause,  whilst  a  perfectly  soft  iron  would  give  the  maximum  effect,  and 
instantly  return  to  its  previous  state.     From  this  we  might  in  error 
suppose  that  soft  Swedish  iron  could   not  retain  its  magnetism,  and 
that  its  natural  state  would  be  zero,  or  neutrality.     The  apparent  dis- 
appearance of  magnetism,  however,  is  here  due  to  the  extreme  freedom 
of  motion  of  its  molecules  allowing  them  at  once  to  follow  the  com- 
paratively feeble  directing  force   of  the  earth's  magnetism.     We  can 
demonstrate  this  by  feebly  magnetizing  a  rod  of  soft  iron  held  verti- 
cally, so  that  its  north  pole  is  at  the  lower  portion.     Upon  removing 
the  inducing  magnet,  or  electro-magnetic  coil,  we  find  that  the  rod 
retains  a  powerful  north  polarity;  but  if  magnetized  in  a  contrary 
sense,  then  we  have  only  traces  of  magnetism  left  upon  the  withdrawal 
of  the  inducing  cause.     To  succeed  in  this  experiment,  as  in  all  others 
where  soft  iron  is  mentioned,  we  should  use  the  best  Swedish  charcoal 
iron,  thoroughly  annealed  at  high  temperature.     We  find,  again,  that 
rods  of  steel  or  iron  will  lose  far  less  magnetism  when  vibrated  in  the 
magnetic  dip,  or  vertically,  when  their  north  poles  are  at  the  lowest 
extremity,  than  when  horizontal,  or  still  less  than  when  their  poles  are 
contrary  to  those  of  the  earth's  field,  and  also  that  they  will  acquire 
their  maximum  magnetism  from  a  given  exciting  cause  when  held  ver- 
tically as  described,  and   the   molecules  allowed   greater  freedom   of 
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motion  to  obey  the  directing  influence  by  vibrations,  toreion,  stress,  or 
blows  upon  the  iron.  Any  influence  that  would  tend  to  give  greater 
freedom  of"  motion,  such  as  heat  or  mechanical  trej)idations,  gives  a  far 
higher  magnetic  force  to  the  iron  than  could  be  obtained  without  these 
aids. 

In  order  to  render  visible  the  effects  of  motion  upon  magnetism,  we 
may  take  two  glass  tubes,  or  ordinary  vials,  of  any  length  or  diameter, 
Siiy  10  centimetres  in  length  by  2  centimetres  in  diameter.  If  we  now 
put  iron  filings  in  these  tubes,  leaving  about  one-third  vacant,  so  as  to 
allow  complete  freedom  in  the  filings  when  shaken,  we  find  that  each 
tube,  when  magnetized,  retains  an  equal  amount  of  residual  magnetism, 
and  that  this  all  disappears  upon  slightly  shaking  the  tube,  ^ye  are 
thus  imitating  the  effects  of  vibration.  But  if  in  one  of  these  tubes  we 
pour  melted  resin  (in  fact,  any  slightly  viscous  liquid,  such  as  petroleum 
suffices),  we  then  render  these  filings  more  rigid,  and  then  we  can  no 
longer  produce  by  shaking  the  disappearance  of  its  residual  magnetism. 
In  pouring  in  petroleum  we  have  apjiarently  been  introducing  a  strong 
coercitive  force,  but  we  know  that  it  can  only  have  the  mechanical 
effect  of  rendering  the  iron  filings  less  free  to  turn,  and  so  compara- 
tively rigid.  If  we  desire  to  see  the  effect  of  torsion,  we  have  only 
to  shake  the  filings  so  that  when  the  tube  is  held  horizontally  the 
vacuit  sj)ace  is  above,  and  rotate  it  slightly  (but  without  shaking) 
about  a  horizontal  axis.  Its  remaining  magnetism  instantly  disappears 
upon  rotation,  although  we  evidently  have  not  changed  the  longitudinal 
j)osition  of  its  particles.  A  similar  effect  takes  place  upon  a  soft  iron 
rod  ;  for  if  we  magnetize  it,  and  observe  its  remaining  magnetism,  we 
find  that,  tipon  giving  a  sliglit  torsion  to  this  wire,  its  remaining  mag- 
netism instantly  disapjjcars — a  similar  effect  to  that  in  the  rotating  tube 
of  iron  filings.  But  if  the  iron  is  rendered  more  rigid  by  hammering, 
or  steel  rendered  hard  and  rigid  by  tempering,  torsions  or  vibrations 
have  but  little  effect,  as  in  the  case  of  the  filings  renderal  rigid  as 
above  mentioned.  Thus  we  have  no  longer  need  of  an  assumed  mys- 
terious coercitive  force  to  account  for  the  retention  of  magnetism  ;  for 
once  knowing  the  mechanical  qualities  of  iron  and  steel,  and  their 
<legree  of  molecular  rigidity  or  hardness,  we  can  at  once  predict  their 
retentive  magnetic  i)owcrs.* 

*  "On  the  Molecular  Rigidity  of  Tempered  Steel,"  byU'rofessor  D.  E. 
Hu<?hes,  F.R.S. — Proceedings  Institution  of  Mcclianiccd  J'hif/inrxrs,  pages 
72-79,  January,  188:5. 
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ROTATION    OF    INHERENT    POLARIZED    MOLECULES. 

Torsion,  as  well  as  mechanical  vibrations,  has,  as  we  have  seen,  a 
powerful  influence  in  aiding  the  molecules  to  overcome  their  inertia, 
and  thus  aid  them  to  rotate  iii  the  direction  of  the  inducing  influence ; 
and  we  may  thus  polarize  strongly  a  flat  soft  iron  rod  by  simply  bend- 
ing or  vibrating  it  when  held  vertically,  and  if  we  measure  the  mag- 
netic force  obtained,  we  shall  notice  that  the  force  is  strictly  relative  to 
the  degree  of  softness  of  the  iron.  Thus  with  hard  steel  Ave  should 
obtain  only  traces  of  polarization,  whilst  with  extremely  pure  soft 
Swedish  iron  we  obtain  the  maximum  of  force.  The  bar  of  iron  or 
steel,  being  held  in  the  earth's  magnetic  field,  of  infinite  size  comparc^l 
with  the  bar,  and  infinitely  homogeneous,  cannot  deflect  or  weaken  its 
surrounding  field.  Its  lower  portion  being  north,  apparently  strengthens 
it  by  its  reaction,  whilst  its  upper,  south,  apparently  weakens  the  field; 
but,  as  Maxwell  has  shown,  "the  two  poles  of  each  molecule  are  equal 
and  opposite ;  consequently,  the  sum  of  each  molecule  and  the  whole 
mass  must  be  zero."  We  have  a  far  greater  induced  polarity  in  iron 
or  steel  when  the  iron  is  in  thin  bars  or  small  wires,  and  this  we  should 
expect,  as  the  external  molecules  rotate  directly  under  the  influence  of 
the  earth's  magnetism,  whilst  those  forming  the  interior  of  the  bar 
either  rotate  feebly,  or,  as  in  the  case  of  very  thick  bars,  actually  act  as 
an  armature,  preventing,  by  their  influence,  free  rotation  of  the  exterior 
molecules.  Thus,  as  the  sum  of  the  two  and  equal  polarities  in  a  bar 
of  iron  is  zero,  it  is  evident  that  its  polarity  must  be  inherent.  I  have 
some  remarkably  pure  soft  Swedish  iron  wire,  one  millimetre  in  diam- 
eter, and  as  its  inherent  polar  force  seemed  great  when  held  vertically 
in  the  earth's  magnetic  field,  I  measured  in  the  induction  balance  this 
force  compared  with  a  similar  column  of  the  magnetic  atmosphere 
which  it  displaced.  The  inherent  polarity  of  this  wire,  simply  ren- 
dered evident  by  the  earth's  magnetism,  was  15, GOO  times  greater  than 
the  column  it  displaced.  We  cannot,  either  by  induction,  conduction, 
or  concentration,  produce  a  greater  force  in  another  body  of  similar 
displacement  or  size,  otherwise  we  could  easily  create  power  from  a 
feeble  source.  Thus  the  enormously  greater  magnetic  power  observed 
in  iron  than  the  same  column  of  air  which  it  displaces  must  be  due  to 
the  inherent  polarity  of  its  molecules. 

Amongst  numerous  bars  of  iron  upon  which  I  have  experimented, 
one  of  ordinary  hoop-iron,  2  centimetres  wide,  40  centimetres  long, 
and  IJ  millimetre  thick,  not  softened,  possesses  sufficient  molecular 
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rigidity  to  be  apparently  uninfluenced  by  cartli's  magnetism.  When 
this  rod  is  rendered  neutral,  ^\■e  have  but  feeble  polarity — mere  traces 
Avhen  it  is  held  vertically  under  the  earth's  magnetic  influence;  but  if 
we  apply  a  few  successive  torsions  or  vibrations  to  it  wiien  thus  held, 
Ave  have  at  once  several  thousand  times  greater  polarity  than  before. 
Xow,  if  iron  liad  the  power  of  deflecting  or  concentrating  the  earth's 
magnetism  upon  itself,  it  should  not  require  the  mechanical  aid  to 
molecular  rotation  given  to  it  by  these  torsions  or  vibratoins.  Thus 
we  are  forced  to  conclude  at  least  the  existence  of  the  inherent  polarity 
of  the  molecules;  and,  if  we  admit  this,  Me  must  also,  as  a  necessary 
consequence,  admit  the  rotation  of  these  molecules,  else  we  cannot 
explain  why  mechanical  vibrations  allowing  freedom  of  motion  should 
always  produce  the  polarity  in  accordance  witii  the  directing  cause.  I 
have  already  shown  that  torsion  and  vibrations  j^cr  se  are  apparently 
destructive  of  magnetism ;  consequently  in  this  case  Poisson's  two 
fluids  and  Ampere's  parallel  currents  should,  according  to  their  theory, 
be  mixed  or  heterogeneous,  whilst  according  to  the  views  I  am  sus- 
taining the  polarized  molecules  should  obey,  as  compass  needles,  any 
magnetic  directing;  cause  whenever  sufficient  molecular  freedom  of 
motion  allows  free  rotation.  The  inherent  polarity  of  iron  may  again 
be  observed  by  drawing  a  flat  rod  of  soft  iron  over  one  or  both  poles 
of  a  permanent  magnet.  This  rod  will  then  be  powerfully  magnetized, 
its  remaining  magnetism,  when  separated  from  the  magnet,  being  suffi- 
ciently powerful  to  strongly  deflect  a  suspended  direction  needle.  A 
few  slight  torsions  or  vibrations  will  then  completely  discharge  it. 
Now,  suppose  this  operation  repeated  successively  many  thousand 
times,  if  there  was  no  inherent  polarity  we  should  have  gradually 
drawji  all  the  j)olarity  out  of  the  magnet,  and  discharged  it  into  the 
atmosphere.  Nothing  of  the  kind  takes  place.  The  molecules  of  the 
iron  are  .-imi)ly  rotated  each  time,  and  the  only  energy  in  work  ex- 
pended or  lost  (•oin(!s  from  the  arm  of  the  exj)erinienter,  and  the  energy 
re(|uircd  would  be  strictly  in  accordance  with  the  molecular  freedoui, 
or  softness  and  hardness  of  the  iron  and  steel;  thus,  whilst  soft  iron 
could  be  easily  polari/.ed  and  discharged  by  mechanical  torsions,  hard- 
tempered  steel  would  require  a  far  greater  amount.  Dr.  Warren  De 
La  Rue,  F.R.S.,  kindly  aided  me  in  this  part  of  the  research  by  j)ass- 
ing  a  current  from  his  well-known  chloride  of  silver  battery  through 
iron  and  steel  wires.  A  condenser  of  42*8  microfarad  ca])acity,  charged 
by  '>3G0   cells,  was   used.      ^^'|■  i)assed    this   enormous  electric  charge 


13(3  The  Cause  of  Magnetism  in  Iron,  Steel,  etc.     [Jour.  Frank.  Inst., 

longitudinally  through  the  wires,  and  observations  were  made  as  to 
wliether  any  change  whatever  was  produced  in  their  quality  or  inherent 
polarity,  the  result  being  that  these  wires  gave  exactly  the  same  mag- 
netic polarity  from  a  givin  directing  or  inducing  cause  as  before, 
being  similar  in  nature  and  degree,  consequently  this  enormous  electric 
force  had  not  changed  or  destroyed  the  original  inherent  polarity.  If 
the  molecules  possess  inherent  polarity  and  rotate  upon  their  axes, 
similar  to  a  series  of  compass  needles  having  a  slight  degree  of  fric- 
tional  rigidity,  then,  upon  passing  one  pole  of  a  magnet  above  them, 
they  would  turn  symmetrically  in  one  direction,  and  drawing  the  same 
pole  of  the  magnet  in  the  contrary  direction  would  rotate  them,  and 
they  would  then  remain  symmetrically  in  the  opposite  direction. 

A  precisely  similar  effect  takes  place  in  a  soft  iron  rod  placed  east 
and  west  a  few  inches  above  a  direction  needle.  Upon  drawing  the 
south  pole  of  a  powerful  natural  magnet  at  a  few  centimetres  distance 
above  the  wire  from  east  to  west,  the  north  polarities  of  the  molecules 
successively  turn  in  the  direction  of  west,  following  the  attraction  of 
the  south  pole,  as  previously  seen  on  the  small  compass  needles.  The 
rod  is  now  magnetized  with  its  north  pole  west,  as  indicated  by  the 
direction  needle  below  any  portion  of  this  rod.  Upon  passing  the 
same  south  pole  of  the  natural  magnet  in  a  contrary  direction,  the 
molecules  all  rotate,  their  north  poles  still  turning  successively  to  the 
south  pole  of  the  permanent  magnet  until  its  arrival  at  the  end  from 
which  the  first  magnetization  commenced.  The  rod  has  now  entirely 
changed  its  polarity,  and  its  north  pole  is  east.  This  phenomenon  is 
well  known  in  the  ordinary  magnetization  of  rods,  where  care  is  taken 
to  draw  the  magnet  always  in  a  similar  direction,  or  the  poles  would 
be  reversed  at  each  to  and  fro  drawing.  To  account  for  this,  on  Cou- 
loumb-Poisson's  theory,  it  would  be  requisite  that,  first,  all  the  fluids 
be  separated  with  their  north  fluids  symmetrically  in  one  direction,  but 
on  drawing  back  tiie  magnet,  these  fluids  would  have  to  mix  together, 
the  north  fluid  passing  through  its  south  fluid  to  be  finally  opposite  to 
its  previous  position,  its  coercive  force  doing  the  double  work  of  allow- 
ing both  fluids  to  mix  and  pass  through  each  other,  and  finally  keep- 
ing them  entirely  apart.  Ampere's  theory  woidd  require  that  from  a 
haphazard  arrangement  the  molecules  should  become  symmetrically 
arranged  upon  the  first  passage  of  the  magnet,  then  upon  its  reversed 
direction  one  half  of  the  electric  elementary  currents  should  succes- 
sively revolve  in  a  contrary  direction  to  arrive  at  neutrality  before, 
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finally,  the  other  half  followed  the  direction  of  the  first  half,  and  now 
all  these  currents  would  be  revolving  in  the  opposite  direction  to  that 
upon  the  first  magnetization,  ^ye  thus  see  that  both  these  theories, 
whilst  resting  altogether  upon  assumption,  are  extremely  complicated 
and  improbable.  We  might  suppose,  from  the  theory  which  I  am 
advocating,  that  upon  the  rotation  of  the  molecules  there  would  be 
some  disturbance  or  mechanical  trepidation  ;  and  such  is  found  to  be 
the  case,  as  first  observed  by  Page,  and  afterwards  verified  by  Dr. 
Joule  and  De  la  Rive,  in  the  molecular  sounds  produced  in  iron  upon 
its  magnetization.  Reis's  first  telephone  was  founded  upon  these 
sounds,  and  Du  Moncel  has  made  numerous  researches  upon  this  sub- 
ject. In  the  last  of  my  experiments  cited,  the  sounds  are  too  feeble  to 
be  heard,  but  by  the  application  of  the  microphone  these  trepidations 
at  once  become  audible. 

That  molecules  of  iron  and  other  metals  rotate  with  time,  whose 
period  becomes  shortened  by  mechanical  vibrations,  is  well  known  in 
metallurgy,  the  ultimate  result  being  generally  the  passage  from  a 
fibrous  condition,  as  in  iron  wires,  to  a  high  degree  of  crystallization. 
For  many  years  I  employed  a  circular  vibrating  spring  as  the  regu- 
lator of  speed  of  my  printing  telegraph  instrument,  and  although  this 
spring  was  so  regulated  by  means  of  a  frictional  break,  or  "Frein,"  as 
not  to  surpass  its  limits  of  elasticity,  these  springs  were  constantly 
breaking  after  a  few  days'  use,  and,  as  a  matter  of  urgent  necessity,  I 
made  sj)eeial  researches  into  the  cause  of  this  l)r('aking  after  a  few  days' 
constant  vibratory  action.  I  found  at  the  j)()int  of  ru|)ture  a  high  state 
of  crystiUlization.  Fibrous  iron  would  thus  become  thoroughly  crys- 
tallized and  break  in  one  day  ;  the  number  of  vil)rations  for  an  instru- 
ment in  constant  use  during  twenty-four  hours  being  1,20!>,()()0.  Thus 
we  could  roughly  estimate  the  life  of  iron  in  the  form  of  one  of  these 
springs  at  one  million  vibrations.  Copper  crystallized  in  one  hour, 
and  all  metals  and  allovs  were  inferior  to  steel,  except  aluminium 
bronze.  The  latter  springs  would  stand  six  weeks'  constant  use,  or 
some  fifty  millions  of  vibrations.  I  finally  nsolved  this  problem  by 
spreading  the  amount  of  vibiating  work  over  a  spiral  spring  contain- 
ing ■\  metres  of  steel  rod  wound  into  the  same  space  as  previously  held 
by  the  straight  rod  of  oO  centimetres.  By  this  means  the  average  life 
of  these  springs  has  become  five  years.  Evidently  I  lie  molecules  of 
these  fibrous  sj)rings  nuist  have  rotated  under  the  vil)i'ations,  in  order 
to  produce  crvstals.     The  siune  j)lu'nom('nr)n   is  observed   in   axles  of 
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carriages  receiving  constant  trepidations,  large  crystals  being  always 
found  at  the  point  of  fracture.  Again,  if  we  rapidly  magnetize  and 
demagnetize  an  iron  rod,  we  have  the  production  of  evident  heat,  due 
to  the  constant  motion  of  its  molecules.  Maxwell  describes  an  experi- 
ment of  Beetz,  in  which  an  exceedingly  small  filament  of  iron  was 
deposited  by  electrotype,  under  the  influence  of  a  strong  magnetic  field, 
in  order  to  arrive  at  the  inherent  polarity  of  comparatively  few  mole- 
cules, and,  as  its  magnetic  force  was  very  great,  he  regards  the  experi- 
ment as  conclusive.  My  own  experiments  show  that  we  have  far  less 
external  magnetic  force  from  a  solid  bar  than  from  a  thin  tube  or  flat 
bar  of  the  same  surface  exposed  to  a  limited  exciting  cause.  We  know 
that  magnetism  does  not  penetrate  to  a  very  great  depth,  and  we  also 
know  that,  if  to  a  thin  steel  permanent  magnet  we  place  another  piece 
unmagnetized,  or,  better  still,  a  rod  of  soft  iron,  its  external  polarity  is 
greatly  reduced  ;  consequently  the  external  evidence  of  polarity  is  not 
a  direct  measure  of  the  degree  of  rotation,  nor  of  the  total  inherent 
polarity  of  its  mass;  We  may  have  a  great  superficial  external  rotation 
superposed  upon  rotations  of  an  opposite  nature,  as  will  be  seen  later; 
and  thus  the  internal  molecules  of  a  magnet  often  act  more  or  less  as 
an  external  armature  in  closing  its  circle  of  attractions. 

I  have  stated  my  belief  that  the  molecule  itself  possesses  its  inherent 
polarity,  which,  like  gravity,  is  an  endowed  quality  for  which  we  have 
no  more  reason  to  suspect  the  cause  to  be  elementary  electric  currents 
than  that  elementary  currents  should  be  the  cause  of  gravity,  chemical 
affinity,  or  cohesion  and  its  polar  power  of  crystallization,  most  of 
which  are  effected  by  an  electric  current.  We  have  a  certain  analogy 
between  electric  currents  and  magnetism,  but  not  so  great  as  the  analogy 
between  the  magnetic  polarity  of  a  molecule  and  its  other  endowed 
(jualities.  Magnetism,  like  chemical  affinity,  cohesion,  and  crystalliza- 
tion, has  its  critical  points.  Faraday  discovered  that  at  red-yellow  heat 
iron  instantly  lost  its  apparent  polar  magnetic  power,  to  be  as  instantly 
restored  at  red  heat,  the  critical  point  varying  in  iron,  steel,  etc.,  and 
being  the  lowest  in  nickel.  This  would  be  difficult  to  explain  upon 
Ampere's  theory,  as  we  should  have  to  admit  the  instant  destruction 
or  cessation  of  the  elementary  currents,  to  be  again  restored  at  a  few 
degrees  less  temperature.  It  would  be  equally  difficult  to  explain 
under  my  view,  if  it  did  not  belong  to  a  whole  class  of  phenomena  due 
to  the  ^possession  by  the  molecules  of  various  endowed  qualities,  of 
which  chemistry  and  all  our  means  of  research  can  only  teach  us  tluiir 
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critical  points,  without  attempting  to  exj)lain  why,  I'or  instance,  iron 
has  a  greater  affinity  for  oxygen  than  gold.  We  know  that  it  is  so; 
we  know  that  the  molecules  of  all  matter  are  endowed  with  certain 
qualities  having  certain  critical  points,  and  I  can  see  no  reason  for 
separating  their  magnetic  inherent  polarity  from  their  Jiumerous  other 
qualities. 

NEUTRALITY. 

The  apparatus  needed  for  researches  upon  evident  external  polarity 
requires  no  very  great  skill  or  thought,  but  simply  an  apparatus  to 
measure  correctly  the  force  of  the  evident  repulsion  or  attraction ;  in 
the  case  of  neutrality,  however,  the  external  j)olarity  disappears,  and 
we  consequently  require  special  apparatus,  together  with  the  utmost 
care  and  reflection  in  its  use.  From  numerous  researches  previously 
made  by  means  of  the  induction  balance,  the  results  of  which  I  have 

Fig.  1. 
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already  published,  I  felt  convinced  that  in  investigating  the  cause  of 
magnetism  and  neutrality  I  should  have  in  it  the  aid  of  the  most  pow- 
erful instrument  of  research  ever  brought  to  bear  upon  the  molecular 
construction  of  iron,  as  indeed  of  all  metals.  It  neglects  all  forces 
which  do  not  produce  a  change  in  the  molecular  structure,  and  enables 
us  to  penetrate  at  once  to  the  interior  of  a  magnet  or  piece  of  iron, 
ol)Scrving  only  its  })eculiar  structure  and  the  change  which  takes  place 
during  magnetization  or  apparent  neutrality.  The  induction  balance 
is  effected  by  three  distinct  arrangements  of  molecular  structure  in  iron 
and  steel,  by  means  of  which  we  have  a})parent  external  neutrality. 

Fig.  1  shows  several  polar  dire(!tions  of  tiie  molecules  Jis  indicated 
by  the  arrows.  Poisson  assumed,  as  a  necessity  of  his  tiieory,  that  a 
molecule  is  spherical,  but  Dr.  Joule's  experimental  proof  of  the  elonga- 
tion of  iron  by  jYS'SiiJf  ^^  ^^^  length  when  magnetized  j)roves  at  least 
that  its  form  i-  not  spherical  ;  and,  as  I  am  unal)!e  at  present  to  demon- 
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strate  my  own  views  as  to  its  exact  form,  I  have  simply  indicated  its 
polar  direction  by  arrows — the  dotted  oval  lines  merely  indicating  its 
limits  of  free  elastic  rotation.  In  Fig.  1,  at  A,  Ave  have  neutrality  by  the 
mutual  attraction  of  each  pair  of  molecules,  being  the  shortest  path  in 
Avhich  they  could  satisfy  their  mutual  attractions.  At  B  we  have  the  case 
of  superposed  magnetism  of  equal  external  value,  rendering  the  wire  or 
rod  apparently  neutral,  although  a  lower  series  of  molecules  are  rotated 
in  the  opposite  direction  to  the  upper  series,  giving  to  the  rod  opposite 
and  equal  polarities.  At  C  we  have  the  molecules  arranged  in  a  cir- 
cular chain  around  the  axis  of  a  wire  or  rod  through  which  an  electric 
current  has  passed.  At  D  we  have  the  evident  polarity  induced  by 
the  earth's  directive  influence  when  a  soft  iron  rod  is  held  in  the  mag- 
netic meridian.  At  E  we  have  a  longitudinal  neutrality  produced  in 
the  same  rod  when  placed  magnetic  west,  the  polarity  in  the  latter  case 
being  transversal.  In  all  these  cases  we  have  a  perfectly  symmetrical 
arrangement,  and  I  have  not  yet  found  a  single  case  in  well-annealed 
soft  iron  in  which  I  could  detect  a  heterogeneous  arrangement,  as  sup- 
posed by  Ampere,  De  la  Rive,  Weber,  Wiedermann,  and  Maxwell. 
We  can  only  study  neutrality  with  perfectly  soft  Swedish  iron.  Hard 
iron  and  steel  retain  previous  magnetizations,  and  an  apparent  external 
neutrality  would  in  most  cases  be  the  superposition  of  one  magnetism 
upon  another  of  equal  external  force  in  the  opposite  direction,  as  shown 
at  B,  Fig.  1.  Perfectly  soft  iron  we  can  easily  free,  by  vibrations,  from 
the  slightest  trace  of  previous  magnetism,  and  study  the  neutrality  pro- 
duced under  varying  conditions. 

If  Ave  take  a  flat  bar  of  soft  iron,  of  30  or  more  centimetres  in 
length,  and  hold  it  vertically  (giving  Avhile  thus  held  a  few  torsions, 
vibrations,  or  better  still,  a  few  slight  blows  with  a  wooden  mallet,  in 
order  to  allow  its  molecules  to  rotate  with  })erfect  freedom),  Ave  find  its 
lower  end  to  be  of  strong  north  polarity,  and  its  upper  end  south.  On 
rcA^ersing  the  rod  and  repeating  the  vibrations,  Ave  find  that  its  loAver 
end  has  precisely  a  similar  north  polarity.  Thus  the  iron  is  homogen- 
ous, and  its  polarity  symmetrical.  If  Ave  now  magnetize  this  rod  to 
produce  a  strong  south  pole  at  its  loAver  portion,  Ave  can  gradually 
reverse  this  polarity,  by  the  influence  of  earth's  magnetism,  by  slightly 
tapping  the  upper  extremity  with  a  small  wooden  mallet.  If  Ave 
ob-serve  this  rod  by  means  of  a  direction  needle  at  all  parts,  and  suc- 
cessively during  its  gradual  passage  from  one  polarity  to  the  other, 
there  Avill  be  no  sudden   break  into  a  haphazard  arrangement,  but  a 
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gradual  and  perfectly  symmetrical  rotation  from  one  direction  to  that 
of  the  opposite  polarity.  If  this  rod  is  placed  east  and  west,  having 
first,  say,  a  north  polarity  to  the  right,  we  can  gradually  discharge  or 
rotate  the  molecules  to  zero,  and  as  gradually  reverse  the  polarity  by 
simply  inclining  the  rod  so  as  to  be  slightly  influenced  by  earth's  mag- 
netism ;  and  at  no  portion  of  this  passage  from  one  [)olarity  to  neu- 
trality, and  to  that  of  the  opposite  name,  will  there  be  found  a  break 
of  continuity  of  rotation  or  haphazard  arrangement.  If  we  rotate  this 
rod  slowly,  horizontally  or  vertically,  taking  observations  at  each  few 
degrees  of  rotation  of  an  entire  revolution,  we  find  still  the  same  gradual 
symmetrical  change  of  })olarity,  and  that  its*  symmetry  is  as  complete 
at  neutrality  as  in  evident  polarity. 

In  all  these  cases  there  is  no  complete  neutrality,  the  longitudinal 
polarity  simply  becoming  transversal  when  the  rod  is  east  and  west. 
F,  G,  H,  I,  J,  Fig.  1,  show  this  gradual  change,  H  being  neutral  lon- 
gitudinally, but  polarized  transversely.  If,  in  place  of  the  rod,  we 
take  a  small  square  soft  iron  plate  and  allow  its  molecules  freedom  under 
the  sole  influence  of  the  earth's  magnetism,  then  we  invariably  find  the 
polarity  in  the  direction  of  the  magnetic  dip,  no  matter  in  what  posi- 
tion it  be  held,  and  a  sphere  of  soft  iron  could  only  be  polarized  in  a 
similar  direction.  Thus  we  can  never  obtain  complete  external  neu- 
trality whilst  the  molecules  have  freedom  and  do  not  form  an  internal 
closed  circle  of  mutual  attractions ;  and,  whatever  theory  we  may 
adopt  as  to  the  cause  of  polarity  in  the  molecule,  such  as  Coulomb's 
Poisson's,  Ampere's,  there  can  exist  no  haphazard  arrangement  in  per- 
fectly soft  iron,  as  long  as  it  is  free  from  all  external  causes  except  the 
influence  of  the  earth  ;  consequently  these  theories  are  wrong  in  one 
of  their  most  essential  parts.  We  can,  however,  produce  a  closed  circle 
of  mutual  attractions  in  iron  and  steel,  producing  complete  neutrality 
as  long  as  the  structure  is  not  destroyed  by  some  stronger  external 
directing  influence.  Oei*sted  discovered  that  an  external  magnetic 
needle  places  itself  perpendicular  to  an  electric  current;  and  we  should 
expect  that,  if  the  molecules  of  an  iron  wire  possesscxl  inherent  polarity 
and  could  rotate,  a  similar  effect  would  take  place  in  the  interior  of 
the  wire  to  that  observed  by  Oersted,  Wicdermann  fii-st  remarked  this 
eft'ect,  and  it  has  been  known  as  circular  magnetism.  This  cir(;le,  how- 
ever, consists  really  in  each  molecule  having  phiccd  itself  perpendicular 
to  the  current,  simply  obeying  Oersted's  law,  and  thus  Ibrining  a  com- 
plete circle  in  which  the  mutual  attractions  of  the  molecules  forming 
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that  circle  are  satisfied,  as  shown  at  C,  Fig.  1.  This  wire  becomes  com- 
pletely neutral,  -any  previous  symmetrical  arrangement  of*  polarity 
rotating  to  form  its  complete  circle  of  attractions ;  and  we  can  thus 
form  in  hard  iron  and  steel  a  neutrality  extremely  difficult  to  break  up 
or  destroy.  We  have  evident  proof  that  this  neutrality  consists  of  a 
closed  chain,  or  circle,  as  by  torsion  we  can  partially  deflect  them  on 
either  side  ;  thus  from  a  perfect  externally  neutral  wire,  producing  either 
polarity,  by  simple  mechanical  angular  displacement  of  the  molecules 
as  by  right  or  left-handed  torsion.  If  we  magnetize  a  M'ire  placed  east 
and  Avest  it  will  retain  this  polarity  until  freed  by  vibrations,  as  already 
remarked.  If  we  pass  an  electric  current  through  this  magnetised  wire, 
we  can  notice  the  gradual  rotation  of  the  molecules,  and  the  formation 
of  the  circular  neutrality.  If  we  commence  with  a  weak  current,  gradu- 
al Iv  increasing  its  strength,  Ave  can  rotate  them,  as  slowly  as  may  be 
desired.  There  is  no  sudden  break  or  haphazard  moment  of  neutrality  ; 
the  movements  to  perfect  zero  are  accomplished  with  perfect  symmetry 
throughout. 

We  can  produce  a  more  perfect  and  shorter  circle  of  attractions  by 
the  superposition  of  magnetism,  as  at  B,  Fig.  1.  If  we  magnetize  a  piece 
of  steel  or  iron  in  a  given  direction  with  a  strong  magnetic  directing 
power,  the  magnetism  penetrates  to  a  certain  depth.  If  we  slightly 
diminish  the  magnetising  power,  and  magnetize  the  rod  in  a  contrary 
direction,  we  may  reduce  it  to  zero,  by  the  superposition  of  an  exterior 
magnetism  upon  one  of  a  contrary  name  existing  at  a  greater  depth ; 
and  if  Ave  continue  this  operation,  gradually  diminishing  the  force  at 
each  rcA'ersal,  Ave  can  easily  superpose  ten  or  more  distinct  symmetrical 
arrangements,  and,  as  their  mutual  attractions  are  satisfied  in  a  shorter 
circle  than  in  that  produced  by  electricity,  it  is  extremely  difficult  to 
destroy  this  formation  Avhen  once  produced.  The  induction  balance 
affiords  also  some  reasons  for  believing  that  the  molecules  not  only  form 
a  closed  circle  of  attractions,  as  at  B,  but  that  they  can  mutually  react 
upon  each  other,  so  as  to  close  a  circle  of  attractions  as  a  double  mole- 
cule, as  shoAvn  at  A.  The  experimental  evidence,  however,  is  not  suffi- 
cient to  dwell  on  this  point,  as  the  neutrality  obtained  by  superposition 
is  somewhat  similar  in  its  external  effects.  We  can  produce  a  perfectly 
symmetrical  closed  circle  of  attractions  of  the  nature  of  the  neutrality 
of  C,  Fig.  1,  by  forming  a  steel  Avire  into  a  closed  circle,  10  centimetres 
in  diameter,  if  this  Avire  is  Avell  joined  at  its  extremities  by  twisting 
and  soldering.     AVe  can  then  magnetize  this  ring  by  slowly  revolving 
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it  at  the  extremity  of  one  pole  of  a  s^trong  permanent  magnet ;  and,  to 
avoid  consequent  poles  at  the  part  last  touching  the  magnet,  we  should 
have  a  graduating  wedge  of  wood  so  that  Avhilst  revolving  it  may  be 
gradually  removed  to  greater  distance.  This  wire  will  then  contain 
no  consequent  points  of  external  magnetism;  it  will  be  found  perfectlv 
neutral  in  all  parts  of  its  closed  circle.  Its  neutrality  is  similar  to  C, 
Fig.  1 ;  for  if  we  cut  this  wire  at  any  point  we  find  extremely  strong 
magnetic  polarity,  being  magnetized  by  this  method  to  saturation,  and 
having  retained  (which  it  will  indefinitely)  its  circle  of  attractions  com- 
plete. 

I  have  already  shown  that  soft  iron,  when  its  molecailes  are  allowed 
perfect  freedom  by  vibration,  invariably  takes  the  polarity  of  the 
external  directing  influence,  such  as  that  of  the  earth,  and  it  does  so  even 
with  greater  freedom  under  the  influence  of  heat  ^Nlanufacturei's  of 
electro-magnets  for  telegraphic  instruments  are  very  careful  to  choose 
the  softest  iron  and  thoroughly  anneal  it;  but  very  few  recognize  the 
importance  as  regards  the  position  of  the  iron  whilst  annealing  it  under 
the  earth's  directing  influence.  The  fact,  however,  has  long  since  been 
observed.  Dr.  Hooke,  1GS4,  remarked  that  steel  or  iron  was  magne- 
tized when  heated  to  redness  and  placed  in  the  magnetic  meridian.  I 
have  slightly  varied  this  exj)eriment  by  heating  to  redness  three  similar 
steel  bars,  two  of  which  had  been  previously  magnetized  to  saturation, 
and  placed  separately  with  contrary  polarity  as  regards  each  other,  the 
third  being  neutral.  Upon  cooling,  these  three  bars  were  found  to 
have  identical  and  similar  polarity.  Thus  the  molecules  of  this  most 
rigid  material,  cast  steel,  had  become  free  at  red  heat,  and  rotated  under 
the  earth's  magnetic  influence,  giving  exactly  the  same  force  on  each  ; 
consequently  the  previous  magnetization  of  two  of  these  bars  had  neither 
augmented  nor  weakened  the  inherent  polarity  of  their  molecules. 
Soft  iron  gave  under  these  conditions  by  far  the  greatest  force,  its 
inherent  polarity  being  greater  than  that  of  steel.  I  have  made  numer- 
ous other  experiments  bcjiring  u})on  ti)e  question  of  neutrality,  but  they 
all  confirm  those  I  have  cited,  which  I  consider  afford  ample  evidence 
of  tiie  symmetrical  arrangement  of  neutrality. 

supj:rp( )8ED  magnetism. 

KiKjwing  that  by  torsion  we  can  rotate  or  diminish  magnetism,  I 
wiLS  anxious  to  ol)tain  by  its  means  a  complete  rotation  from  north 
j)olarity  to  neutrality,  and  from  neutrality  to  south  polarity,  or  to  com- 
pletely reverse  magnetic  polarity  by  a  slight  right  or  left  torsion.     I 
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have  succeeded  in  doing  this,  and  in  obtaining  strong  reversal  of 
polarities,  by  superposing  one  polarity  given  whilst  the  rod  is  under  a 
right  elastic  torsion  with  another  of  the  opposite  polarity  given  under 
a  left  elastic  torsion,  the  neutral  point  then  being  reached  when  the 
rod  is  free  from  torsion.  The  rod  should  be  very  strongly  magnetised 
under  its  first  or  right-hand  torsion,  so  that  its  interior  molecules  are 
rotated,  or,  in  other  words,  magnetised  to  saturation  ;  the  second  mag- 
netization in  the  contrary  sense  and  torsion  should  be  feebler,  so  as  only 
to  magnetize  the  surface,  or  not  more  than  one-half  its  depth ;  these 
can  be  easily  adjusted  to  each  other  so  as  to  form  a  complete  polar  bal- 
ance of  force,  producing,  when  the  rod  is  free  from  torsion,  the  neu- 
trality as  shown  at  B,  Fig.  1.  The  apparatus  needed  is  simply  a  good 
compound  horse-shoe  permanent  magnet,  15  centimetres  long,  having 
six  or  more  plates,  giving  it  a  total  thickness  of  at  least  3  centimetres, 
We  need  a  sufficiently  powerful  magnet,  as  I  find  that  I  obtain  a  more 
equal  distribution  of  magnetism  upon  a  rod  or  strip  of  iron  by  draw- 
it  lengthwise  over  a  single  pole  in  a  direction  from  that  pole,  as  shown 
in  Fig.  2 ;  we  can  then  obtain  saturation  by  repeated  drawings,  keeping 

Fig.  2. 


the  same  molecular  symmetry  in  each  experiment.  In  order  to  supply 
a  slight  elastic  torsion  when  magnetizing  rods  or  wires,  I  have  found 
it  convenient  to  attach  two  brass  clamp  keys  to  the  extremities  of  the 
rods,  or  simply  turn  the  ends  at  right  angles,  as  shown  in  the  following 
diagram,  by  which  means  we  can  apply  an  elastic  twist  or  torsion 
whilst  drawing  the  rod  over  the  pole  of  the  permanent  magnet.  We 
can  thus  superpose  several  and  opposite  symmetrical  structures,  pro- 
ducing a  polar  north  and  south  as  desired,  greatly  in  excess  of  that 
possible  under  a  single  or  even  double  magnetization,  and  by  carefully 
adjusting  the  proportion  of  oj)posing  magnetisms,  so  that  both  polari- 
ties have  the  same  external  force,  the  rod  will  be  at  perfect  external 
neutrality  when  free  from  torsion. 

If  we  now  hold  one  end  of  this  rod  at  a  few  centimetres  distance 
from  a  magnetic  directive  needle,  we  find  it  perfectly  neutral  when 
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free  of  torsion,  but  the  slightest  torsion  right  or  left  at  once  produces 
violent  repulsion  or  attraction,  according  to  the  direction  of  the  torsion 
given  to  the  rod,  the  iron  rod  or  strips  of  hoop-iron  which  I  use  for 
this  experiment  being  able,  when  at  the  distance  of  5  centimetres  from 
the  needle,  to  turn  it  instantly  90°  on  either  side  of  its  zero.  The 
external  neutrality  that  we  can  now  produce  at  will  is  absolute,  as  it 
crosses  the  line  of  two  contrary  polarities,  being  similar  to  the  zero  of 
my  electric  sonometer,  whose  zero  is  obtained  by  the  crossing  of  two 
opposing  electric  forces.  This  rod  of  iron  retains  its  pecniliar  pr)\vers 
of  reversal  in  a  remarkable  degree,  a  condition  quite  different  to  that 
of  ordinary  magnetization,  for  the  same  rod,  when  magnetised  to  satu- 
ration under  a  single  ordinary  magnetism,  loses  its  evident  magnetism 
by  a  few  elastic  torsions,  as  I  have  already  shown ;  but  when  it  is 
magnetised  under  the  double  torsion  with  its  superposed  magnetism,  it 
is  but  slightly  reduced  by  variations  or  numerous  torsions,  and  I  have 
found  it  impossible  to  render  this  rod  again  free  from  its  double  polar 
effects,  except  by  strongly  remagnetizing  it  to  saturation  with  a  single 
polarity.  The  superposed  magnetism  then  becomes  a  single  directive 
force,  and  we  can  then,  by  a  few  vibrations  or  torsions  reduce  the  rod 
to  its  ordinar}^  condition.  Tiie  effects  of  superposed  magnetism  and 
its  double  polarity  I  luivc  produced  in  a  variety  of  ways,  such  as  by 
the  electro-magnetic  influence  of  coils,  or  in  very  soft  iron  simply  by 
the  directive  influence  of  the  earth's  magnetism,  reversing  the  rod  and 
torsions  when  held  in  the  magnetic  meridian,  these  rods  when  ])laced 
magnetic  west  showing  distinctly  the  double  polar  effects.  It  is  remark- 
able, also,  that  we  are  enabled  to  superpose  and  obtain  the  maxinuim 
effects  on  thin  strij)s  of  iron  from  ^  to  J  millimetre  in  thickness,  whilst 
in  thicker  rods  we  have  far  less  effect,  being  masked  by  the  compara- 
tively neutral  state  of  the  interior,  the  exterior  molecules  then  reacting 
upon  those  of  the  interior,  allowing  them  to  complete  in  the  interior 
their  circle  of  attractions. 

I  was  anxious  to  obtain  wires  which  would  jireserve  this  structure 
against  the  destructive  influence  of  torsion  and  vibrations,  so  that  I 
could  constantly  emj)loy  the  same  wires  without  the  comparatively  long 
and  tedious  process  of  preparation.  Soft  irom  soon  loses  the  structure, 
or  becomes  enfeebled,  under  the  constant  to  and  fro  torsions  requisite 
where  we  desire  a  constant  change  of  polarity,  as  described  hiier  in  the 
magnetic  bells.  Hard  steel  preserves  its  structure,  but  its  molecular 
rigidity  is  so  great  that  we  obtain  but  mere  traces  of  any  cliange  of 
Whole  No.  Vol.  CXVI.— (Third  Series,  Vol.  Ixxxvi.)  10 
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polarity  by  torsion.     I  have  found,  however,  that  fine  cast  steel,  un- 
tempered,  of  the  kind  employed  by  watch  makers,  is  most  suitable ; 
these  are  generally  sold  in  straight  lengths  of  30  centimetres.     Wires 
1  millimetre  in   diameter  should   be  used,  and  when  it  is  desired  to 
increase  the  force,  several  of  these  wires — say  nine  or  ten — should  be 
formed  into  a  single  rod  or  bunch.     The  wire  as  sold  is  too  rigid  to 
give  its  maximum  of  molecular  rotation  effect.     We  must,  therefore, 
give  it  two  entire  turns  or  twists  to  the  right,  and  strongly  magnetise 
it  on   the  north  pole  of  the  magnet  whilst  under  torsion.     We  must 
again   repeat   this  operation   in   the    contrary  direction,  after  restor- 
ing the  wire  to   its  previous  position,  giving  now  two  entire  turns  to 
the  left,  and  magnetising  it  on  the  south  pole.     On  restoring  the  wire 
to  its  original  place,  it  will  be  extremely  flexible,  and  we  may  now 
superpose  several  contrary  polarities  under  contrary  torsions,  as  already 
described.     The  power  of  these  wires,  if  properly  prepared,  is   most 
remarkable,  being  able  to  reverse  their  polarity  under  torsion,  as  if 
they  were  completely  saturated ;  and  they  preserve  this  power  indefi- 
nitely if  not  touched  by  a  magnet.     It  would  be  extremely  difficult  to 
explain  the  action  of  the  rotative  effects  obtained  in  these  wires  under 
any  other  theory  than  that  which  I  have  advanced;  and  the  absolute 
external   neutrality  that  we  obtain   in  them  when  the  polarities  are 
changing,  we  know,  from  their  structure,  to  be  perfectly  symmetrical. 
I  was  anxious  to  show,  upon  the  reading  of  this  paper,  some  mechani- 
cal  movement  produced   by  molecular  rotation,  consequently  I  have 
arranged  two  bells  that  are  struck  alternately  by  a  polarized  armature 
put  in  motion  by  the  double  polarized  rod   I  have  already  described, 
but  whose  position,  at  3  centimetres  distant  from  the  axis  of  the  arma- 
ture, remains  invariably  the  same.     The  magnetic  armature  consists  of 
a  horizontal  light  steel  bar  suspended  by  its  central  axle  j  the  bells  are 
thin  wine  glasses,  giving  a  clear  musical  tone  loud  enough,  by  the  force 
with  which  they  are  struck,  to  be  clearly  heard  at  some  distance.     The 
armature  does  not  strike  these  alternately  by  a  pendulous  movement, 
as  we  may  easily  strike  only  one  continuously,  the  friction  and  inertia 
of  the  armature  causing  its  movements  to  be  perfectly  dead-beat  when 
not  driven  by  some  external  force,  and  it  is   kept  in  its  zero  position 
by  a  strong  directive  magnet  placed  beneath  its  axis.     The  mechanical 
power  obtained  is  extremely  evident,  and  is  sufficient  to  put  the  slug- 
gish armature  in  rapid  motion,  striking  the  bells  six  times  per  second, 
and  with  a  power  sufficient  to  produce  tones  loud  enough  to  be  clearly 
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heard  in  all  parts  of  the  hall  of  the  society.  As  this  is  the  first  direct 
tran,-;formation  of  molecular  motion  into  mechaniciil  movement,  I  am 
happy  to  show  it  on  this  occasion.  There  is  nothing  remarkable  in  the 
bells  themselves,  as  they  evidently  could  be  rung  if  the  armature  was 
suiTOunded  by  a  coil  and  worked  by  an  electric  current  from  a  few  cells. 
The  marvel,  however,  is  in  the  small  steel  superposed  magnetic  wire 
producing  by  slight  elastic  torsions  from  a  single  W'ire,  1  millimetre  in 
diameter,  sufficient  force  from  mere  molecular  rotation  to  entirely 
replace  the  coil  and  electric  current. 

ELASTIC     NATURE     OF     THE    ETHER     SURROUNDING    THE     MAGNETIC 

MOLECULES. 

During  these  researches  I  have  remarked  a  peculiar  property  of 
magnetism,  viz.,  that  not  only  can  the  molecules  be  rotated  through 
any  degree  of  arc  to  its  maximum,  or  saturation,  but  that,  whilst 
it  requires  a  comparatively  strong  force  to  overcome  its  rigidity  or 
resistance  to  rotation,  it  lias  a  small  field  of  its  own  through  which 
it  can  move  with  excessive  freedom,  trembling,  vibrating  or  rotating 
through  a  small  degree  with  infinitely  less  force  than  would  be  required 
to  rotate  it  permanently  on  cither  side.  This  property  is  so  marked 
and  general  that  we  can  observe  it  without  any  special  iron  or  appa- 
ratus. Let  us  take  a  flat  rod  of  ordinary  iioop-iron,  30  or  more  cen- 
timetres in  length.  If,  whilst  holding  this  verticjdly,  Ave  give  freedom 
to  its  molecules  by  torsions,  vibrations,  or,  better  still,  by  a  few  blows 
with  a  wooden  mallet  upon  its  upper  extremity,  we  find,  as  is  well 
known,  that  its  lower  portion  is  strongly  north,  and  its  upper  south. 
If  we  reverse  the  rod,  we  now  find  it  neutral  at  both  extremities.  We 
might  here  suppose  that  the  earth's  directing  force  had  rotated  the  mole- 
cules to  zero  or  transversely,  which  i^i  re^dity  it  has  done,  but  only  to 
the  limit  of  their  comparatively  free  motion  ;  for  if  we  reverse  the  rod 
to  its  original  position,  its  j)rcvious  strong  polarity  rea])i)('ars  at  both 
extremities,  thus  the  central  point  of  its  free  motion  is  inclined  to  the 
rod,  giving  by  its  free  motion  great  symmetrical  inclination  and  polarity 
in  one  direction,  !)ut  when  reversed  the  inclination  is  reduced  to  zero. 

In  Fig.  3,  D  shows  the  bar  of  iron  when  strojigly  polarized  by  earth's 
magnetic  influence  under  vibrations,  with  a  sufficient  force  to  have 
rotated  its  elastic  centre  of  action.  C  shows  the  same  bar  with  its 
molecules  at  zero,  or  transvei'sal,  the  directing  force  of  earth  being 
insufficient  without  the  aid  of  mechanical  vibration  to  allow  them  to 
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change.  The  dotted  lines  of  T>  suppose  the  molecule  to  be  in  the  centre 
of  its  free  motion,  whilst  at  C  the  molecules  have  rotated  to  zero,  as 
they  are  prevented  from  further  rotation  by  being  at  the  extreme  end 
of  its  free  motion.  If,  now,  we  hold  the  rod  vertically,  as  at  C,  giving 
neutrality,  and  give  a  few  slight  bloM'S  with  a  wooden  mallet  to  its 
upper  extremity,  we  can  give  just  the  amount  of  freedom  required  for 
it  to  produce  evident  polarity,  and  we  have  then  equal  polarity  no  mat- 
ter which  end  of  the  bar  is  below,  the  centre  of  its  free  rotation  here 
being  perfect,  and  the  rod  perfectly  neutral  longituinally  when  held 
east  and  west.  If,  on  the  other  hand,  we  have  given  too  much  free- 
dom by  repeated  blows  of  the  mallet,  its  centre  of  free  motion  becomes 
inclined  with  the  molecules,  and  we  arrive  at  its  first  condition,  except 
that  it  is  now  neutral  at  D  and  polarized  at  C.  From  this  it  will  be 
seen  that  we  can  adjust  this  centre  of  action,  by  vibrations  or  blows, 
to  any  point  within  the  external  directing  influence.     We  can  perceive 
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this  effect  of  free  rotation  in  a  limited  space  in  all  classes  of  iron  and 
steel,  being  far  greater  in  soft  Swedish  iron  than  in  hard  iron  or  steel. 
A  similar  phenomenon  takes  place  if  we  magnetize  a  rod  held  verti- 
cally in  the  direction  of  earth's  magnetism.  It  then  gives  greater 
polarity  than  if  magnetized  eaet  or  west,  and  if  magnetized  in  a 
contrary  sense  to  earth's  magnetism,  it  is  very  feebly  magnetized,  or,  if 
the  rod  is  perfectly  soft,  it  becomes  neutral  after  strong  magnetization. 
This  property  of  comparative  freedom,  and  the  rotation  of  its  centre  of 
action,  can  be  demonstrated  in  a  variety  of  ways.  One  remarkable 
example  of  it  consists  in  the  telephone.  All  those  who  are  thoroughly 
acquainted  witli  electro-magnetism,  and  know  that  it  requires  measur- 
able time  to  charge  an  electro-magnet  to  saturation  (about  ^3^-  of  a 
second  for  those  employed  in  telegraphy),  were  surprised  that  the  tele- 
phone could  follow  the  slightest  change  of  timbre,  requiring  almost 
innumerable  changes  of  force  per  second.     I  l^elieve  the  free  rotation 
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I  have  spoken  of  through  a  limited  range  explains  its  remarkable  sen- 
sitiveness and  rapidity  of  action,  and,  according  to  this  viewxit  would 
also  explain  why  loud-sounding  telephones  can  never  repeat  all  the 
delicacy  of  timbre  that  is  easily  done  with  those  only  requiring  a  force 
comprised  in  the  critical  limits  of  its  free  rotation.  This  property,  I 
have  found,  has  a  distinct  critical  value  for  each  class  of  iron,  and  I 
propose  soon  to  publish  researches  upon  the  molecular  construction  of 
steel  and  iron,  in  which  I  have  made  use  of  this  very  property  as  a 
guide  to  the  quality  of  the  iron  itself.  The  elastic  rotation  (in  a  lim- 
ited space)  of  a  molecule  diifers  entirely  from  that  known  as  mechanical 
elasticity.  In  perfectly  soft  iron  we  have  feeble  mechanieal  elasticity, 
whilst  in  tempered  steel  we  have  that  elasticity  at  its  maximum.  The 
contrary  takes  })lace  as  regards  mokcu/ar  elasticity.  In  tempered  steel 
the  molecules  are  extremely  rigid,  and  in  soft  iron  its  molecular  elas- 
ticity is  at  its  maximum.  Its  free  motion  diifers  entirely  from  that 
given  it  by  torsion  or  stress.  We  may  assume  that  a  molecule  is  sur- 
rounded by  continuous  ether,  more  of  the  nature  of  a  jelly  than  of  that 
of  a  gas ;  in  such  a  medium  a  molecule  might  freely  vibrate  through 
small  arcs,  but  a  rotation  extending  beyond  its  critical  limit  would 
involve  a  much  greater  expenditure  of  force. 

The  discovery  of  this  comparatively  free  rotation  of  molecules,  by 
means  of  which,  as  I  have  shown,  we  can  (without  in  any  degree  dis- 
turbing the  external  mechanical  elasticity  of  the  mass)  change  the  axes 
of  their  free  motion  in  any  direction  desired,  has  led  me  into  a  series 
of  researches  which  have  only  indirectly  any  relation  with  the  theory 
of  magnetism.  I  was  extremely  desirous,  however,  of  finding  an 
experimental  evidence  which  in  itself  should  demonstrate  all  portions 
of  the  theory,  and  the  following  experiment,  I  believe,  answers  this 
purpose.  Let  us  take  a  square  soft  iron  rod,  5  millemetres  in  diameter 
by  30  or  more  centimetres  in  length,  and  force  the  molecules,  by  aid  of 
blows  from  a  wooden  mallet,  as  previously  described,  to  have  their 
centres  of  free  motion  in  one  direction;  the  rod  will  (as  already  shown) 
have  j)olarity  at  both  ends,  when  held  vertically;  but  if  reversed,  both 
ends  become  completely  neutral.  If  now  we  turn  the  rod  to  its  first 
position,  in  which  it  shows  strong  j)olarity,  and  magnetize  it  whilst 
held  vertically,  by  drawing  the  north  ])()lc  of  a  sufficiently  powerful 
permanent  magnet  from  its  uj)|)(i'  to  its  lower  extremity,  we  find  that 
this  rod,  instead  of  liaving  south  ])olarity  at  its  lower  |)ortion,  as  we 
should  expect  from   the   direction  of  the   magneli/ation,  is  c(»mpletely 
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neutral  at  Ijoth  extremities,  but  if  we  reverse  the  rod,  its  fullest  free 
powers  of  magnetization  now  appear  in  the  position  where  it  was  pre- 
viously neutral.  Thus,  by  magnetization,  we  have  completely  rotated  its 
free  path  of  action,  and  find  that  we  can  rotate  this  path  as  desired  in 
any  direction  by  the  application  of  a  sufficient  directing  power.  If  we 
take  a  rod  as  described,  with  its  polarities  evident  when  held  vertically, 
and  its  neutrality  also  evident  when  its  ends  are  reversed  in  the  same 
magnetic  field,  we  find  that  its  polarity  is  equal  at  both  ends,  and  that 
it  is  every  way  symmetrical  with  a  perfect  magnet.  If  we  gradually 
reverse  the  ends  and  take  observations  of  its  condition  through  each 
degree  of  arc  passed  over,  we  find  an  equal  symmetrical  diminution  of 
evident  external  polarity  until  we  arrive  at  neutrality,  when  it  has  no 
external  trace  of  inherent  polarity,  but  its  inherent  polarity  at  once 
becomes  evident  by  a  simple  return  to  its  former  position.  Thus  the 
rod  has  passed  through  all  the  changes  from  polarity  to  neutrality,  and 
from  neutrality  to  polarity,  and  these  changes  have  taken  place  with 
complete  symmetry. 

The  limits  of  this  paper  do  not  allow  me  to  speak  of  the  numerous 
theoretical  evidences  as  shown  by  the  use  of  my  induction  balance.  I 
believe,  however,  that  I  have  cited  already  experimental  evidences  to 
show  that  what  has  been  attributed  to  coercive  force  is  really  due  to 
molecular  freedom  or  rigidity  ;  that  in  inherent  molecular  polarity  we 
have  a  fact  admitted  by  Coloumb,  Poisson,  Ampere,  De  la  Eive,  Weber, 
Du  Moncel,  Weidermann  and  Maxwell;  and  that  we  have  also  experi- 
mental evidence  of  molecular  rotation  and  of  the  symmetrical  character 
of  polarity  and  neutrality.  The  experiments  which  I  have  brought 
forward  in  this  paper,  in  addition  to  those  mentioned  in  my  paper  read 
before  the  Royal  Society,  will,  I  hope,  justify  me  in  having  advanced 
a  theory  of  magnetism  which  I  believe  in  every  portion  allows  at  least 
experimental  evidences  of  its  probable  truth. 


Spanish  Copper  Tubes.  —  The  Metallurgical  Society  of  San 
Juan  de  .Vlcarez  has  succeeded  in  manufacturing  excellent  copper 
tubes  without  soldering,  so  as  to  be  able  to  compete  with  all  othei- 
manufacturers,  both  in  quality  and  in  price.  The  mode  of  manufac- 
ture is  new,  and  application  has  been  made  for  a  patent. — La  Oaceta 
Industrial,  Jan.  25,  1883.  C. 
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NATIONAL   EXHIBITION   OF  RAILWAY  APPLIANCES, 

CHICAGO,  ILL. 


At  the  la-st  stated  meeting  the  Institute  kindly  passed  a  resolution 
accrediting  me  as  its  representative  to  the  National  Exhibition  of 
Railway  Appliances,  now  being  held  at  Chicago,  with  the  special  duty 
of  looking  after  the  electrical  exhibits,  and  I  purpose  now  to  give  you 
a  very  brief  report  of  my  observations. 

First,  then,  the  Exhibition  is  a  success,  as  such,  but  financially  it  is 
not  likely  to  profit  its  projectors.  This  is  due  to  the  fact  that  it  did 
not  secure  the  hearty  support  of  the  local  press. 

As  is  usual  with  exhibitions,  everything  was  in  a  very  incomplete 
state  on  opening  day,  and  there  was  the  usual  struggle  for  space  by  late 
exhibitors.  On  my  first  visit  to  the  building,  I  called  upon  the 
Secretary  and  Directors,  and  learned  from  them  that  the  greater  part 
of  the  work  and  responsil)ility  had  fallen  upon  two  or  three  gentlemen 
and  that  the  burden  was  much  too  heavy.  This  would  account  for 
much  of  the  confusion  in  the  installation,  whi(!h  appeared  as  late  as  the 
second  week  of  the  exhibition.  I  found  it  impossible  to  get  even 
a  list  of  the  electrical  exhibits,  much  less  learn  where  they  were  located, 
and  I  therefore  hunted  them  up,  and  am  not  yet  certain  that  T  saw 
them  all. 

Confining  myself,  then,  entirely  to  electrical  apparatus,  and  passing 
bv  the  many  large  displays  of  machine  tools,  forgings,  etc.,  made  by 
Philadelphia  manufacturers,  I  would  classify  the  electro-magnetic 
a|)paratus  on  exhibition  under  the  heads  Railway  Signals,  Magnetic 
Brakes,  Electric  Lights,  Electro-Motor<,  and  General  Electrical  Sup- 
plies. 

As  the  Franklin  Institute  is  now  preparing  for  an  electrical  exhi- 
bition, it  might  be  well  to  consider  early  a  question  which  has  l)Othered 
the  managers  of  the  C'hicago  exhibition,  and  that  is,  Wliat  to  admit 
and  what  to  reject?  One  of  the  first  remarks  made  by  a  visitor  on 
entering  the  building  is  that  there  are  many  things  there  which  do  not 
seem  to  have  any  connection  with  railroads,  such  as  type-writers, 
pa])er-hangings,  etc.  One  exhibitor  coinplaiiH>d  that  he  was  not  allowed 
to  exhibit  envelopes  because,  he  said,  they  were  largely  used  by  rail- 
road companies.  The  Secretary,  however,  tol<l  him  that  they  had 
concluded  to  draw  the  line  at  envelopes. 
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At  first  glance  it  might  seem  that  it  would  be  difficult  to  secure  for 
an  electrical  exhibition  a  sufficient  variety  of  articles  to  make  a 
respectable  show,  but  electricity  has  within  a  few  years  invaded  so 
many  fields  hitherto  occupied  by  other  agencies,  that  before  another 
year  is  upon  us  it  may  be  necessary  to  draw  the  line  closely  and 
exclude  much  that  would  occupy  space  to  the  detriment  of  more 
appropriate  articles. 

The  experience  at  Chicago  shows  what  has  often  been  demonstrated 
in  this  city,  tliat  the  interest  is  largely  increased  by  showing  every- 
thino-  in  motion  that  is  made  to  move.  Instruments  should  be  so 
showMi  as  to  demonstrate  at  a  glance  what  they  are  made  for ;  other- 
wise it  may  be  difficult  to  make  such  an  exhibition  as  the  Franklin 
Institute  Exhibition  of  1884  a  popular  one.  An  electric  motor  which 
does  not  move  tells  no  tale  except  to  the  expert,  and  a  Leclanche  cell 
so  placed  that  its  use  is  not  apparent,  might  as  well  be  ajar  of  pickles. 

To  return  to  the  exhibits,  my  attention  was  first  called  to  the  various 
systems  of  automatic  electric  railway  signals,  ot  which  I  made  a  special 
study.  Only  two  of  these  appear  to  have  been  well  digested ;  and  I 
mav  here  remark  that  it  is  surprising  how  many  inventors  cudgel  their 
brains  to  get  up  apparatus  which  is  of  no  earthly  use,  because  they 
have  not  duly  considered  the  conditions  under  which  the  appliances 
must  be  used.  Automatic  signals  to  be  of  any  value  must  cover  every 
possible  case;  must  provide  for  every  position  of  trains;  but  the 
majority  of  those  exhibited  seemed  to  have  been  gotten  up  with  the 
idea  that  the  only  danger  to  be  guarded  against  was  that  a  train  might 
he  overtaken  by  a  following  train  or  run  into  an  open  draw.  Unless 
provision  is  made  for  every  case  which  could  by  any  possibility  arise, 
there  is  no  likelihood  of  any  automatic  system  being  adopted  on  any 
well-regulated  railroad.  This  is  only  another  illustration  that  the  best 
inventions  originate  with  the  workmen  and  spring  from  the  necessities 
of  the  case. 

There  are  two  general  systems,  one  of  which  uses  the  railroad  track 
for  the  electric  circuit,  and  the  other  uses  wires  either  carried  on  poles 
or  in  cables.  The  Union  Switch  and  Signal  Company,  of  Pittsburg, 
exemplifies  the  first,  and  the  Hall  Railway  Signal  Company,  of  Meri- 
den,  Conn.,  the  second  system,  and  each  seems  to  have  fairly  compassed 
the  problem  of  automatic  signalling.  Both  are  in  practical  operation 
on  railroads  in  this  country. 

Messrs.  Crandell  <t  Strohm,  of  this  city,  exhibit  an  automatic  block 
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system  in  operation  which  does  not  throw  up  visible  signals,  but  which 
is  inteuded  to  operate  by  shutting  off  the  steam  and  putting  on  the  air- 
brakes wlienever  the  train  enters  a  block  which  is  not  clear.  Other 
systems  are  exhibited  which  aim  to  accomplish  the  same  result. 

The  perfection  of  the  Westinghouse  air-brake  would  seem  to  close 
the  field  against  any  brake  operated  by  a  different  method.  The  use 
of  this  brake,  however,  has  hitherto  been  confined  to  passenger  trains 
or  short  stock  trains.  This  leaves  a  field'  for  a  y-ood  mao-netic  brake 
for  freight  trains,  and  two  very  creditable  brakes  of  this  character  were 
shown.  Both  are  actuated  by  a  dynamo  upon  the  locomotive,  and  one 
supplements  this  by  a  storage  battery  in  each  car  to  operate  the  brakes 
when  the  car  is  separated  from  the  locomotive.  There  are  several 
practical  objections  to  these  brakes  in  their  present  state  of  develop- 
ment, but  a  thoroughly  good  magnetic  brake  may  yet  be  perfected. 

The  electric  light  wa.s  represented  by  five  different  systems  of  arc 
and  incandescence  lights.  We  are  all  now  so  familiar  with  the  arc 
lights  that  I  may  simply  say  that  they  were  all  very  good  and  all 
claimed  to  be  the  best.  I  may  say,  however,  that  one  system  had 
many  admirers,  and  its  lights,  which  were  scattered  plentifully  through 
the  whole  space,  were  complimented  for  their  beauty  and  steadiness. 
The  inventors  of  that  system  are  our  honored  associates  Messrs.  Thom- 
son and  Houston.  The  incandescence  lights  of  the  Maxim,  Edison, 
and  Swan  systems  were  in  endless  profusion  and  much  admired. 

Electric  motors  did  not  show  up  very  well.  The  only  style  wa.s  the 
Weston  dynamo  used  as  a  motor  on  the  Field  &  Edison  Electric  Rail- 
way, and  in  another  place  to  operate  a  centrifugal  pump  for  a  water- 
fall. Prof.  Sylvanus  Tliompsou  says  there  is  a  great  fieid  for  electric 
transmission  of  power,  but  if  the  inventions  thus  far  made  public  are 
the  best  that  our  inventors  have  developed,  we  have  not  yet  climbed 
the  fence.  So  far  as  the  public  are  concerned,  the  electric  railway  is  a 
success ;  the  peoj)le  stand  in  line  for  a  chance  to  ride  on  it.  But  at 
what  expense  of  power  is  the  motor  and  loaded  cxu",  weighing  in  all 
perhai)s  four  tons,  propelled  ?  On  investigation  I  found  that  an  18 
horse-power  engine  was  not  (-(pial  to  the  task  of  moving  the  train,  and 
the  gates  were  shut  against  the  public  until  the  wires  were  connected 
with  a  40  light  dynamo  run  by  a  mu<h  more  powerful  engine.  In 
like  manner  the  dynamo  which  operate!  tlic.  pump  was  a  5  or  <)  light 
machine  run  by  a  40  light  dynamo. 

The  improvements  in  dynamos  arc  chiclly  in  the  new  regulators  for 
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reducing  the  power  to  correspond  with  the  reduction  in  work  per- 
formed. 

The  storage  battery  made  no  show  and  seems  to  have  been  withdrawn 
from  the  pubHc  for  a  time. 

In  conchision  I  would  say  that  although  the  display  at  Chicago  is  a 
fine  one  and  well  worth  a  visit,  I  think  we  do  these  things  better  in 
Philadelphia,  and  the  Franklin  Institute  with  its  long  experience  and 
excellent  organization  will  have  no  trouble  in  arranging  an  exhibition 
more  extensive,  more  attractive,  and  much  more  valuable  in  its  results. 

E.  Alex.  Scott. 


Photo-Zincography. — In  the  office  of  the  French  Minister  of 
Public  Works,  charts  and  plans  are  prepared  by  a  process  of  photo- 
zincography. A  plate  of  commercial  zinc  is  chosen  which  is  free  from 
defects.  In  order  to  cleanse  it  thoroughly  it  is  rubbed  with  a  stiff 
hair  brush,  which  is  dipped  into  a  mixture  of  one-third  sulphuric  acid 
and  two-thirds  water.  After  this  cleansing,  which  removes  every  trace 
of  oxidation  and  grease,  the  plate  becomes  very  brilliant,  and  it  is 
rubbed  fot  some  minutes  by  a  cork  dipped  in  powdered  pumice  stone. 
It  is  then  washed  and  plunged,  for  ten  or  fifteen  minutes,  into  a  bath 
acidulated  with  three  per  cent,  of  nitric  acid.  The  plate  then  has  a 
dull  look  and  shows  a  slight  roughness  under  the  microscope.  After 
having  carefully  dried  it,  it  is  covered  by  a  preparation  composed  of 
10  litres  of  water  and  500  grammes  of  crushed  nutgalls.  After  boil- 
ing this  preparation  until  it  is  reduced  about  one-third,  it  is  cooled  and 
filtered  through  linen  ;  then  are  added  100  grammes  of  common  nitric 
acid  and  6  grammes  of  pure  chlorhydric  acid.  After  the  preparation 
has  been  left  in  contact  with  the  plate  for  some  time  it  is  washed  and 
dried,  and  then  coated  with  bitumen  in  the  ordinary  manner,  and  exposed 
to  the  light  under  the  drawing  which  is  to  be  copied.  When  the 
exposure  is  over,  the  plate  is  warmed  slightly  and  developed  with  the 
addition  of  a  liquid  containing  5  per  cent,  of  acetic  acid.  To  facili- 
tate; the  inking,  it  is  well  to  apply  to  tlie  lines  some  oil,  which  destroys 
their  brilliancy  and  turns  them  gray.  Then,  after  a  careful  drying, 
the  bitumen  is  dissolved  by  benzine,  and  the  plate  is  again  dried.  It 
can  then  be  delivered  to  the  printer,  who  submits  it,  without  any  pre- 
cautions, to  the  customary  operations  of  lithography  for  inking  and 
printing. — Bui.  de  la  Soc.  d'Encour.,  Jan.,  1883.  C 
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Orange  Peel. — A  special  application  has  lately  been  made  of  an 
article  that  has  hitherto  been  thought  nearly  worthless.  It  is  well 
dried  in  an  oven,  and  then  used  for  kindling  fires,  for  which  its  essen- 
tial oil  admirably  fits  it.  —  Gaceta  Indm^frial,  March  10,  1883.       C 

Constitution  of  the  Sun — In  the  third  part  of  his  discussion  of 
the  physical  and  mechanical  constitution  of  the  sun,  Faye  states  that 
the  solar  refraction  is  insensible,  and  he  has  been  able  definitely  to 
establish  the  fiict  that  the  mean  depth  of  the  spots  is  fully  2iro  ^^  ^^^^ 
solar  radius,  or  more  than  2,000  miles.  This  power  of  penetration  is 
not  peculiar  to  the  sun  ;  it  is  found  to  a  high  degree  in  our  own  atmos- 
phere. A  cyclone,  or  a  tornado,  which  begins  in  the  region  of  the 
cirrus  clouds,  at  a  height  of  four  or  five  miles,  descends  vertically  to 
the  ground ;  if  in  its  course  it  meets  a  deep  valley,  it  descends  again 
until  it  touches  the  new  soil,  on  which  it  manifests  the  same  strength 
as  upon  an  elevated  plateau.  On  the  sun  the  obstacle  is  not  the  soil; 
it  is  the  specific  lightness  of  the  gases,  which  are  drawn  into  layers  of 
increasing  density  until  the  work  of  which  the  whirl  is  ca])able  has 
been  completely  exhausted.  In  our  cyclones  and  tornadoes,  which 
draw  only  air,  and  not  a  gas  which  is  specifically  lighter  than  air,  the 
air  possesses  nearly  the  same  density  as  that  of  the  surrounding 
medium ;  there  is,  therefore,  only  a  feeble  a.scensional  tendency.  The 
atmospheric  equilibrium  is  re-established  without  the  return  of  the 
whirling  air  to  the  higher  regions.  It  is  evident  that  the  case  must 
be  far  otherwise  in  the  sun,  where  the  descendino:  wis  is  hvdrojien. 
This  gas,  superheated  in  the  lower  regions,  will  soon  remount  far  above 
its  point  of  original  departure  and  abov(>  the  chromos|)here  ;  that  is  to 
say,  into  the  almost  complete  vacuum  of  the  coronal  region,  giving 
place  to  that  astonishing  a|)parition  of  luminous  protuberances,  which 
the  beautiful  discovery  of  Jansseii  and  Lockycr  allows  us  to  study 
daily  on  the  sun's  circumference.  This  hydrogen  is  often  seen  to  fall 
back  to  the  sun  in  different  forms;  sometimes  in  tongues  of  fire,  imi- 
tating a  sort  of  rain,  at  other  times  by  a  collective  movement,  as  if  by 
a  slow  subsidence.  The  chn)mosphere,  which  is  receiving  the  mate- 
rials of  these  protuberances,  does  not  sensibly  change  its  level.  The 
circulation  of  the  hydrogen  is,  therefore,  mostly  vertical  and  due  to 
gyrations  of  different  maguitudes  in  the  photosphere.  The  formation 
of  facula}  and  pores,  and  the  various  other  changes  of  the  sun's  sur- 
face, are  all  explained  mechanically  by  the  same  gyratorv  movements. 
—  Cnmptes  Rendus,FQh.  5,  \HHll.  C. 
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Color  of  Distilled  Water. — M.  Meyer,  of  Zurich,  has  devised 
the  following  experiment:  He  encloses  by  parallel  panes  of  glass  a 
tube  7*5  metres  (39*37  feet)  long  and  with  an  interior  diameter  of  4 
centimetres  (1'575  inches).  This  apparatus,  being  filled  with  distilled 
water  and  placed  horizontally,  on  looking  through  it  at  a  black  ground 
in  the  sunlight  it  appears  of  a  deep  intense  blue.  If,  on  the  contrary, 
gas  light  is  employed,  a  green  color  is  perceived. — Les  Mondes,  Jan. 
13,  1883.  C. 

Deep  Sea  Explorations. — Twenty-five  years  ago,  Thomas  Bell 
M'rote  the  last  pages  of  a  history  of  the  British  crustacse.  He  thought 
that  he  had  raised  a  lasting  monument,  and  flattered  himself  that  his 
successors  could  add  little  to  the  information  which  he  had  given.  The 
facts  which  have  been  subsequently  discovered  have  profoundly  modi- 
fied the  ideas  of  naturalists.  Tt  was  supposed  that  life  is  impossible 
in  the  depths  of  the  sea,  and  that  the  waters  are  condemned  to  obscu- 
rity, solitude  and  immobility.  The  pressure  of  the  water,  the  absence 
of  light,  the  slowness  of  the  renewal  of  the  water,  the  want  of  algai 
or  other  vegetable  materials,  and  the  experiments  of  Prof.  Edward 
Forbes  upon  the  diminution  of  animal  life  with  increasing  depth,  in 
the  Egean  Sea,  were  supposed  to  prove  that  life  cannot  exist  at  a 
greater  depth  than  450  metres  (492  yds.)  AVhen  Captains  Ross  and 
Wallich  found  some  animals  upon  their  sounding  lines,  which  had 
descended  to  a  depth  of  more  than  a  kilometre  (|  of  a  mile),  it  was 
thought  thai  they  had  either  been  entangled  near  the  surface  or 
that  they  had  fallen  to  the  bottom  after  their  death.  In  1860,  the 
cable  between  Sardinia  and  Algiers  was  broken,  and  numerous  animals 
were  found  upon  the  gutta  percha  insulating  surface.  M.  A.  Milne 
Edwards  was  consulted  upon  the  subject,  and  he  found  conclusive  evi- 
dence that  they  had  been  born  and  developed  at  a  depth  of  more  than 
two  kilometres  (1'243  miles.)  These  discoveries  awakened  great 
interest  and  led  to  the  preparation  of  the  steam  cutter  Travailleur,  in 
1880,  for  a  scientific  exploration  of  the  sea  depths,  The  cutter  has 
been  employed  in  each  of  the  three  past  summers,  in  the  Gulf  of  Gas- 
cony,  on  the  shores  of  the  Iberian  peninsula,  Corsica,  Algiers  and 
Morocco,  in  the  Strait  of-  Gibraltar  and  at  the  Canary  Islands,  yield- 
ing an  immense  number  of  animals  which  were  previously  unknown, 
many  of  which  were  drawn  from  depths  of  more  than  5  kilometres 
(3-1  miles).— ylm.  ch  Chin,,  et  de  Phys.,  Dec,  1882.  C. 
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Generation  of  Inflammable  Gases  in  the  Diff'usion  of 
Beets. — In  extracting  sugar  from  beet  roots  by  diffusion,  gases  are 
liberated  wliicli  sometimes  take  fire  and  burn  with  a  bluish  flame.  L. 
Chevron  has  analyzed  the  escaping  gases  and  finds  that  they  consist  at 
first  only  of  carbonic  acid  and  nitrogen.  After  awhile  hydrogen  begins 
to  appear,  which  seems  to  be  due  to  an  acid  reaction  of  the  beet  juice 
upon  the  iron  with  Avhich  it  is  in  contact.  He  thinks  it  would  be 
impossible  for  the  hydrogen  to  accumulate  in  sufficient  quantities  to 
produce  an  explosion,  but  the  inevitable  corrosion  of  the  diffusives  by 
the  acid  juice  is  an  inconvenience  which  should  be  guarded  against. — ^ 
Bid.  de  I' Acad,  de  Bdg.,  1883.  C. 

Amber. — Natural  amber  is  distinguished  from  artificial  amber,  or 
from  other  materials  to  which  it  has  some  resemblance,  by  the  follow- 
ing characteristics  :  Copal  is  yellow,  and  always  of  a  uniform  color. 
Amber,  on  the  other  hand,  has  usually  different  shades  at  its  two 
extremities.  Amber  exhales  an  aromatic  odor  when  rubbed  on  the 
palm  of  the  hand.  This  is  not  the  case  with  ('0])al  or  with  artificial 
amber.  Amber,  when  covered  with  tallow,  and  held  for  some  minutes 
over  a  flame,  inclines  to  bend,  Artificial  amber  and  copal  do  not  bend. 
Natural  amber  is  always  harder  than  artificial  amber  and  copal.  It  is 
crushed  with  difficulty,  and  is  not  so  easily  aflected  by  rubbing  with  a 
finger-nail.  It  may  be  cut,  filed,  sawed  or  polished,  but  cannot  be 
welded  like  copal  and  artificial  amber.  Natural  amber  only  melts  at 
a  heat  of  400°  (G88°F.).  Cigar  holders  of  artificial  amber  melt  as 
soon  as  the  light  of  the  cigar  reaches  them.  Copal  does  not  melt,  but 
splits. — Chron.  Jndustr.,  Jan.  7,  1883.  C. 

OBITUARY.— BENJAMIN  HOWARD  RAND. 


Benjamin  Howard  Rand,  son  of  Benjamin  and  Eleanor  Spurrier 
Rand,  was  born  in  Philadelphia,  October  1st,  18*-i7.  His  professional 
studies  were  begun  in  1843,  under  the  eminent  Dr.  Robert  M.  Huston, 
the  then  Dean  of  Jefferson  Medical  College;  he  subsequently  attended 
the  usual  courses  of  lectures  at  Jefferson  Medical  College.  In  1848 
he  received  his  degree  of  M.D.  from  that  institution.  During  the  last 
two  years  of  his  student  life  he  was  clinical  assistant  to  Professors 
Mutter  and  Pancojist.  In  18')0  he  was  elected  Professor  of  Chemistry 
in   the   Franklin   Institute,  holding  that  position  until  his  resignation 
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in  1864.  Upon  the  foundation  of  the  Philadelphia  Medical  College 
— an  institution  which  ceased  to  exist  in  1861 — he  was  elected  to  the 
chair  of  chemistry,  and  from  1852  to  1864  he  was  secretary  to  the 
Academy  of  Natural  Sciences.  This  latter  office,  as  well  as  his  pro- 
fessorship in  the  Franklin  Institute,  he  resigned  in  1864,  to  accept  the 
chair  of  chemistry  in  Jefferson  Medical  College,  from  v/hich  he 
resigned  in  May,  1877,  on  account  of  ill  health.  He  was  elected  a 
fellow  of  the  Philadelphia  College  of  Physicians  in  1853,  and  a 
member  of  the  American  Philosophical  Society  in  1868.  He  was 
also  a  member  of  the  American  Medical  Association. 

Besides  frequent  contributions  to  scientific  periodicals  he  has  written 
"  Chemistry  for  Students,"  1  vol.,  pp.  259  (1855),  '^  Elements  of  Medi- 
cal Chemistry,"  1  vol.,  pp.  420  (1863  and  1875),  and  also  edited 
Metcalfe's  "  Caloric,"  2  vols.,  1859. 

Dr.  Rand  has  been  for  some  years  in  failing  health.  He  died  on 
the  14th  of  February,  1883,  at  the  age  of  fifty-five. 
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Hall  of  the  Institute,  June  20th,  1883. 

The  meeting  was  called  to  order  at  the  usual  hour,  with  the  Presi- 
dent, Mr.  Wm.  P.  Tatham  in  the  chair.     Present,  82  members. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers,  and 
reported  that  at  the  stated  meeting  held  June  13th,  8  persons  had 
been  elected  to  membership. 

He  also  reported  under  instructions  from  the  Board,  the  following 
correspondence  referred  to  the  Institute,  viz. : 

Offick  of  the  Mayor  of  the  City  of  Philadelphia, 
Philadelphia,  June  7tb,  1883. 
To  the  Managers  of  the  Franklin  Institute  of  Philadelphia : 

Gentlemen  : — I  enclose  a  copy  of  an  ordinance  passed  by  the  Councils 
of  this  City  and  approved  May  28, 1883,  entitled  "  An  ordinance  to  authorize 
the  Mayor  to  appoint  a  Board  of  Experts  to  rejiort  on  the  present  system  of 
paving  the  streets  of  Philadelphia." 

Your  attention  to  this  ordinance  would  be  appreciated. 
Your  early  reply  will  oblige 

Yours  respectfully, 

SAMUEL  G.  KING, 

Mayor  of  Philadelphia. 
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AN  ORDINANCE 

To  authorize  the  Mayor  to  a[)point  a  Board  of  Experts  to  report  on  the 

present  system  of  paving  the  streets  of    Philadelphia,  and  to  devise  a 

better  system. 

Section  1.  The  Select  and  Connnon  Councils  of  the  City  of  Philadeljihia 
do  ordain.  That  the  Mayor  of  Philadelphia  be,  and  he  is,  hereby  recjuested 
to  obtain  from  the  American  Society  of  Civil  Engineei-s,  the  Engineer 
Corps  of  the  United  States  Army,  and  the  Franklin  Institute  of  this  City, 
the  names  of  six  engineers,  two  to  be  selected  by  each  of  the  above  bodies 
as  eminent  in  their  profession  and  with  particular  reference  to  their 
knowledge  and  experience  of  the  best  system  of  jiavement  for  the  streets  of 
large  cities,  due  regard  being  had  to  its  healthfulness,  economy,  smooth- 
ness, durability,  and  drainage,  and  that  from  said  six  names,  of  two  to  be 
selected  by  each  of  the  above  bodies,  his  Honor  the  Mayor  be,  and  he  is, 
hereby  rec^uested  to  select  one  from  each  body,  and  to  constitute  the  three 
so  chosen  a  Board  of  Experts. 

Sec.  2.  The  duty  of  this  Board  shall  be  to  point  out  to  Councils  the  de- 
fects of  the  present  system  of  paving  the  streets  of  Philadelphia,  and,  in 
comparison  with  the  advantages  of  the  Belgian  block  system,  to  make  a 
thorough  and  exhaustive  report  of  the  most  durable  and  best  pavement  that 
can  be  devised  by  them  for  said  streets,  particular  regard  being  had  to  its 
healthfulness,  economy,  smoothness,  durability,  and  drainage,  and  esti- 
mating the  probable  cost  of  a  better  system. 

Sec.  3.  The  compensation  of  the  said  engineers  is  not  to  exceed  one 
thousand  dollars,  inclusive  of  all  individual  expenses. 

Warrants  to  be  drawn  on  item  3  of  ordinance  of  June  21,  1882,  for  the 
repaying  streets  with  Belgian  blocks  or  other  improved  pavement.. 

Approved  May  28,  1883. 

On  the  motion  of  Mr.  Hector  Orr,  seconded  by  Mr.  J.  E.  Mitchell, 
it  was 

Resolved,  That  we  duly  appreciate  the  compliment  implied  in  the  request 
of  our  City  Councils,  and  hereby  authorize  the  Board  of  Managers  to  com- 
ply with  the  .same  without  delaj-. 

Mr.  E.  Alexander  Scott,  the  accredited  representative  of  the  Insti- 
tute at  the  National  Exhibition  of  Railway  Ai)pHances  at  Chicago, 
presented  a  report  which  appears  elijewherc  in  this  issue  of  the 
JouKXAL.  By  invitation,  Mr.  Robert  Grim.'^haw  made  some  remarks 
on  the  mechanical  features  of  that  Kxhil^ition. 

The  Secretary,  on  behalf  of  the  Committee  on  Science  and  the  Arts, 
reported  by  instruction  that  the  Committee  had  recommended  the  award 
of  the  John  Scott  Legacy  Medal  and  Premium  to  James  Beecher,  of 
Philadelphia,  for  his  Improvement  in  the  Manufacture  of  Hollow- 
Handled  Cutlery;  to  Henry  Whilall,  of  Phihuh-lphia,  for  his  Celestial 
Planisphere;  and  to  Robert  Hitchcock,  of  Watertown,  N.  Y.,  for  his 
Improvement  in  Mechanical  Lamps. 
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He  also  reported  that  the  above  recommendations  had  been  duly- 
advertised  for  three  months,  and  that  no  objections  had  been  offered 
thereto.  The  recommendations  were  thereupon  taken  up  separately, 
and  approved  without  dissenting  vote,  and  the  Secretary  was  instructed 
to  notify  the  Committee  on  Minor  Trusts  of  the  Board  of  City  Trusts 
of  the  action  of  the  Institute, 

The  Special  Committee  to  whom  was  referred  the  subject  of  pre- 
paring a  memorial  of  Dr.  Benjamin  Howard  Rand,  made  a  report 
which  was  accepted  and  referred  to  the  Committee  on  Publications. 

Several  other  Special  Committees  reported  progress,  and  were  con- 
tinued. 

Mr.  J.  E.  Mitchell  next  gave  a  description  of  a  series  of  American 
grindstones  which  he  is  preparing  for  the  United  States  National 
Museum  at  Washington,  by  request  of  Prof.  Spencer  F.  Baird.  Mr. 
Mitchell  illustrated  his  remarks  by  the  exhibition  of  a  series  of  micro- 
scopic sections  of  sandstones,  granites,  and  marbles  with  the  lantern 
microscope.  An  abstract  of  Mr.  Mitchell's  remarks  appears  in  the 
Journal  for  August. 

Mr.  C.  John  Hexamer  then  followed  with  a  paper,  descriptive  of  a 
new  system  for  the  construction  of  malt  mills  in  breweries,  designed  to 
protect  those  establishments  against  danger  from  explosion.  Mr. 
Hexamer's  paper  has  been  referred  for  publication. 

The  Secretary's  report  included  a  description,  with  lantern  illustra- 
tions, of  Melville  C,  Smith's  project  for  constructing  an  Arcade  Rail- 
way underneath  Broadway,  New  York ;  an  account  of  Mr.  Joseph 
Wharton's  contributions  to  the  metallurgical  treatment  of  nickel,  with 
an  exhibition  of  a  very  complete  suite  of  specimens  and  products;  and 
the  exhibition  and  description  of  a  number  of  mechanical  inventions, 
among  which  were  the  following  :  Martin  A.  Howell,  Jr.'s  cast-iron 
files,  alleged  to  be  much  more  durable  than  the  ordinary  steel  file ;  a 
set  of  the  metallic  thermometers  of  the  Auburndale  Watch  Co.,  Boston; 
A.  Edwards'  Mercury  Seal  Sewer  Trap ;  the  Climax  Fire-extinguisher, 
manufjictured  by  Joseph  Neumann,  of  Philadelphia ;  the  Michela  Type 
Writing  Machine,  an  extremely  simple  mechanism,  printing  phonetic 
characters,  and  which  was  said  to  be  in  use  in  reporting  the  proceed- 
ings of  the  Italian  Senate;  Improved  Planimeters  and  Diagrammeters, 
shown  on  behalf  of  Mr.  OsAvald  McAllister,  of  Philadelphia,  etc. 

The  meeting  was  thereupon  adjourned. 

William  H.  Wahl,  Secretary. 
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STANDARD  REAMERS  FOR  LOCOMOTIVE  WORK. 


Bv  Coleman  Sellers. 


[The  following  is  the  address  delivered  by  Mr.  Coleman  Sellers 
before  the  Master  Mechanics'  Association  at  its  recent  convention  in 
Chicago,  on  the  subject  of  Standard  Reamers,  as  reported  by  the  Hall- 
road  Gazette :] 

Mr.  Coleman  Sellers  said :  AVhen  appointed  to  report  upon  the  sub- 
ject of  the  taper  for  reamers  for  bolts  used  in  locomotive  work,  and  a 
system  of  gauges  to  correct  and  maintain  the  standard  when  worn,  I 
hesitated  for  some  little  time  before  accepting  the  task.  In  our  own 
practice  taper  bolts  have  not  been  used  in  the  manner  contemplated  in 
the  report,  but  I  felt  able  to  consider  the  subject  impartially,  and  so 
accepted  the  task.  A  mechanical  engineer  is  likely  to  be  interested  in 
what  tends  toward  uniformity  in  shop  practice.  As  the  commission 
given  to  me  calls  for  a  consideration  of  the  taper  of  the  bolts  used  in 
locomotive  work,  in  the  first  place,  therefore,  it  i)resupposes  that  taper 
bolts  are  a  necessity.  This  may  be  perfectly  correct.  In  our  own 
practice  we  divide  bolts  into  classes,  and  our  rule  is  in  every  case  where 
a  through  bolt,  that  is  bolt  and  nut  can  be  used,  a  through  bolt  mnst 
be  used.  If  a  through  bolt  cannot  be  used,  then,  if  possible  use  a 
stud  bolt ;  and  if  that  cannot  be  used,  then  as  a  last  resort  a  tap  bolt 
may  be  employed.  The  reason  why  the  tap  bolt  is  put  last  is 
becau.se  its  nut  is  part  and  parcel  of  the  machine  itself.  In  the  other 
two  cases  we  have  the  nut  upon  the  bolt  or  the  nut  upon  the  stud,  and 
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in  the  third  case  we  have  the  wear-aud-tear  of  a  nut  forming  part  of 
the  machine.  Through  bohs  are  of  two  kinds,  loose-fitting  and  tight-fit- 
ting, or  '^  body-bound,"  Loose  fitting  bolts  which  are  generally  black  or 
unfinished,  are  put  into  holes  -^  of  an  inch  larger  than  the  bolt  itself. 
It  is  possible  in  fastening  a  machine  together,  whether  part  of  a  machine 
tool  or  part  of  a  locomotive,  to  use  black  bolts  in  combination  with 
body-bound  bolts,  the  latter  serving  as  dowel  pins  to  prevent  side 
motion.  With  body-bound  bolts,  it  is  customary  among  machine 
builders  to  use  a  straight  reamer  and  make  a  straight  hole,  and  turn  the 
bolt  straight  to  gauge,  so  that  it  will  fit  its  place.  If  the  bolt  is  made 
perfectly  straight  and  fitted  into  a  reamed  hole,  it  is  an  unsettled  ques- 
tion as  to  how  tight  it  should  fit.  In  practice,  the  longer  and  larger 
the  bolt,  the  nearer  it  is  made  to  gauge  size.  A  bolt  so  sized  by  gauge^ 
as  in  a  short  length,  to  be  a  running  fit,  will  seem  very  tight  in  a 
deeper  hole.  The  difference  between  a  tight  and  a  loose  fit  is  some- 
where in  the  neighborhood  of  the  ten- thousandth  part  of  an  inch.  It 
is  held  by  many  locomotive  builders,  that  the  use  of  straight  bolts  is 
objectionable  on  the  score  that  if  they  are  driven  in  as  tight  as  they  say 
they  should  be,  there  is  much  difficulty  in  getting  them  out;  that  when 
they  are  taken  out  of  a  hole  into  which  they  have  been  driven  two  or 
three  times  tliey  become  too  loose,  and  there  is  no  means  of  making 
them  tighter,  resulting  in  their  being  discarded  at  the  expense  of  making 
other  larger  bolts  to  be  introduced  in  their  place.  There  is  no  great 
difficulty  about  making  two  bolts  of  commercially  the  same  size,  but 
there  is  a  vast  difference  between  absolute  accuracy  and  commercial 
accuracy.  Absolute  accuracy  is  a  thing  that  is  not  attainable.  Mr. 
Bond,  from  the  Pratt  and  Whitney  Company,  who  is  present,  knows 
this  just  as  well  as  I  do.  I  know  how  diligently  the  Pratt  &  Whitney 
Company  have  labored  to  approach  absolute  accuracy  in  their  gauges, 
and  how  far  they  are  in  their  own  estimation  from  reaching  that  point, 
although  they  have  reached  a  wonderful  degree  of  perfection.  What 
we  have  to  strive  for,  then,  is  commercial  accuracy.  What  system  can 
we  adopt  that  will  enable  workmen  of  limited  capacity  to  do  work  that 
shall  be  commercially  accurate?  The  taper  bolt,  for  certain  purposes, 
presents  very  decided  advantages  when  considered  in  this  relation.  I 
have  said  that  bolts  may  be  made  practically  of  the  same  diameter. 
Holes  cannot  be  made  accurately  of  the  same  diameter  by  reamers. 
Each  reamed  hole  is  only  an  approximation  to  correctness.  We  have 
here  (showing)  an  ordinary  fluted  reamer. 
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A  reamer  Ls  intended  to  produce  a  straight  hole,  but  you  will  all 
admit  that  having  passed  this  rei^mer  once  through  a  hole,  the  reamer 
must  be  slightly  worn.     The  next  time  you  pass  it  through  it  is  a  little 

Fig.  1. 


more  dull,  and  each  time  it  is  worse,  the  hole  made  by  it  must  become 
smaller.  There  have  been  many  attempts  to  produce  a  reamer  which 
will  be  adjustable.  Thanks  to  the  gentlemen  who  are  now  making 
such  tools  a  specialty,  there  now  has  been  added  a  very  useful  tool  to 
the  machine  shop.     Here  is  a  reamer  made   by  the  Betts  Machine 
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Company,  of  Wilmington.  In  this  the  straight  cutter  blades  are  made 
wedge-shape  on  their  back  edge,  and  are  seated  in  wedge-shaped  or 
taper  grooves,  to  match  the  taper  of  the  blades ;  these  blades  can  be  set 
to  fit  a  standard  gauge. 

This  will  enable  us  to  make  and  maintain  a  commercially  uniform 
hole  in  our  work.  But  the  successful  use  of  a  reamer  of  this  kind 
depends  upon  the  drills  that  precede  the  reamer,  being  made  as  nearly 
right  to  size  as  possible;  in  other  words,  that  the  reamer  has  a.s  little 
work  given  it  to  do  as  possible.  The  less  you  give  a  reamer  to  do  the 
longer  it  will  last  and  the  longer  it  will  maintain  its  size.  The  ques- 
tion of  tapered  bolts  involves  at  once  this  difficulty,  that  we  have  to 
drill  straight  holes;  then  the  tapered  reamer  is  obligetl  to  take  out  all 
the  metal  that  must  be  removed  in  order  to  convert  a  straight  into  a 
tapered  iiole.  The  straight  hole  reamer  is  maintained  to  size  longest 
by  taking  out  the  least  amount  of  metal.  iren(;e  it  tbllows  that  the 
tapered  reamer  would  be  the  nearest  right  for  durability,  which  also 
would  take  out  the  lejist  ainouut  of  metal.  A  short  reamm*  like  that 
(see  Fig.  1)  will  answer  for  a  hole  of  a  very  con.siderable  depth. 
It  is  only  necessary  that  the  length  of  the  reamer  shall  be  three  or  four 
times  its  own.  diameter.  The  Pratt  t^'  WhitJKy  Company  hits  furnished 
me  with  reamers  made  for  the  Baldwin   Locomotive  Works.     These 
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are  reamers  that  are  to  do  precisely  the  work  that  we  now  have  under 
consideration.  They  are  to  make  a  tapered  hole,  but  you  will  observe 
the  difference  in  lengths  between  the  two.  The  straight  1\  inch 
reamer  is  say  4  inches  long  in  the  blades,  the  taper  reamer  is  say  20 
inches  long. 

Let  us  now  consider  the  question  of  amount  of  the  taper.  No  round 
piece  of  iron  can  go  into  a  round  hole  in  another  piece  of  iron  unless 
it  is  smaller  than  the  hole  into  which  it  is  intended  to  go.  If  it  is  in 
any  degree  larger  it  must  compress  the  plug  itself,  or  stretch  the  mate- 
rial that  is  around  the  hole.  So  if  we  adopt  a  tapered  bolt  we  cannot 
fix  upon  a  certain  uniform  distance  that  each  and  all  bolts  shall  stand 
out  before  we  begin  to  drive  them.  If  the  material  is  to  be  compressed, 
you  will  admit  that  there  is  a  great  deal  more  material  capable  of  being 
compressed  in  a  piece  of  large  diameter  than  in  one  of  small  diameter. 
Metal  is  elastic;  as  long  as  we  keep  within  the  elastic  limit  of  the 
metal,  we  are  safe  in  assuming  that  it  acts  like  a  spring.  In  the  large 
bolt  and  in  the  small  one  we  have  springs  of  different  lengths.  In 
the  large  bolt  we  have  a  long  spring  and  in  the  small  one  we  have  a 
short  spring.  If  we  drive  a  bolt  into  a  large  piece  of  iron,  it  is  the 
bolt  which  we  compress ;  therefore  the  larger  the  bolt,  the  more  the 
pressure  we  can  give  it  to  produce  the  desired  result.  Therefore  if  we 
adopt  any  fixed  taper  for  our  bolts,  we  will  have  to  use  discretion,  or 
go  into  an  elaborate  series  of  experiments,  as  to  how  far  we  should  let 
our  bolt-head  stand  away  from  the  work  before  we  begin  to  drive  it 
Now  I  find  varying  practice  obtaining  in  locomotive  establishments. 
There  are  some  builders  of  locomotives  (I  mean  connected  with  rail- 
roads) who  put  the  straps  upon  their  stub  ends  with  tapered  bolts,  but 
do  not  use  tapered  bolts  in  any  other  parts  of  the  structure.  The 
Baldwin  Works  use  tapered  bolts  wherever  they  require  body-bound 
bolts.  They  make  an  universal  taper  of  ^ig-  inch  to  the  foot  in  diameter. 
Suppose  it  is  an  inch  bolt  we  are  dealing  with,  and  an  inch  bolt 
12  inches  long,  and  we  started  with  an  inch,  and  we  ran  it  up  to  a 
taper  of  -^  inch,  it  would  result  in  this  being  ^  larger  under  the  head 
than  at  the  point. 

They  make  all  their  bolts  which  are  under  9  inches  in  length  ^-^ 
inch  larger  under  the  head  than  the  name  of  the  bolt.  Thus  a  |-inch 
bolt  is  made  ^f  under  the  head,  provided  that  bolt  is  9  inches  long  or 
under.  Anything  over  9  inches  long  is  made  |  inch  larger  under  tho 
head  and  still  made  a  taper  of  -^  inch  to  the  foot.     Most  of  the  bolts 
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used  in  locomotives  are  under  9  inche-s  long.  I  have  been  shown  bolts 
20  to  22  inches  long  that  were  made  a  taper  of  yV  "^^^  ^^  ^^^  ^'^^*'> 
and  those  were  the  bolts  that  fa.'^tened  the  saddle  and  tlie  frame  together; 
practically,  however,  the  great  bulk  of  bolts  that  are  used  about  loco- 
motives are  those  which  are  less  than  9  inches  in  length  and  come 
under  the  category  of  -^  inches  to  the  foot,  and  -^  inch  larger  under 
the  head  tlian  the  name  of  the  bolt.  A  locomotive  builder  now  in  this 
city  tells  me  that  the  specifications  of  engines  submitted  to  him  in 
many  cases  name  the  required  tapers  for  all  bolts — some  call  for  \  inch 
to  the  foot.  The  Pennsylvania  road  calls  for  ^  inch  to  the  foot.  All 
Baldwin  locomotives  are  -^  inch  to  the  foot.  He  tells  me  that  the 
majority  of  the  specifications,  if  they  do  prescribe  the  taper  at  all,  ask 
for  ^-^  with  the  exception  of  the  Pennsylvania.  The  advantage  of  the 
^^  would  .seem  to  lie  in  the  fact  that  a  bolt  headed  in  the  ordinary 
manner  can  be  made  to  fill  the  requirements,  provided  it  is  made  of 
iron  \  inch  larger  than  the  name  of  the  bolt.  For  the  purpose  of  dis- 
cu.ssing  this  question  at  the  present  time  it  would  be  as  well  for  us 
merely  to  adopt  some  taper  which  I  should  say  might  be  -^  inch  to  the 
foot,  and  carry  that  through  the  system  of  gauges  I  propo.se  to  show 
you,  .so  as  to  enable  us  to  judge  whether  it  is  a  practical  system,  and 
how  far  we  can  use  it.  If  we  shall  decide  that  bolts  should  be 
tapered,  for  the  rea.son  that  when  a  taj)ered  bolt  is  driven  into  its  place 
it  can  be  very  readily  knocked  loose,  if  that  tapered  bolt,  when  it  is  in, 
proves  to  be  too  loose,  we  have  merely  to  turn  out  under  the  head  and 
drive  it  a  little  further.  These  are  arguments  in  favor  of  the  tapenxl 
bolts,  and  show  why  it  is  an  advantage  to  use  them,  their  use  render- 
ing it  easier  to  repair  work  that  is  secured  by  them  than  work  that 
has  straight  bolts.  If  we  adopt  a  tapered  bolt,  and  let  us  .say  with  a 
taper  of  ^^  inch  to  the  foot,  it  is  then  well  to  make  up  our  mind  how 
we  are  going  to  make  bolts,  and  bore  the  taper  holes  in  a  commercial 
manner;  in  other  word.s,  .so  that  it  can  be  brought  into  what  we  call 
the  interchangeable  sy.stem. 

No  matter  what  taper  is  adopted,  either  by  general  con.sent  uniform 
among  the  shops  and  the  railroads  or  different  in  any  of  them,  yet 
there  is  always  the  same  need  for  a  system  of  gauges  to  carry  out  the 
principle  in  each  shop.  The  Baldwin  Locomotive  Works,  having  used 
the  taper  system  for  many  years  and  considering  it  es.sential,  long  ago 
perfected  a  .system  of  gauges  which  seem  to  me  to  meet  the  ca.se.  This 
system  may  be  explained  as  follows : 
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For  each  diameter  of  bolt,  and  for  all  bolts  under  9  inches  in  length, 
they  keep  in  their  storeroom  steel  plugs  ground  to  a  taper  of  ^  inches 
to  the  foot  in  length,  and  each  standard  plug  is  made  at  its  largest  end 
exactly  ^  inch  larger  in  diameter  than  the  name  of  the  bolt  it  repre- 
sents. Thus  for  a  one-inch  bolt  the  standard  plug  will  be  on  the  taper 
part  say  6  inches  long,  and  one  end  of  it  will  be  1-jlg  inch  diameter,  and  the 
other  end  will  be  I3I2  inch  in  diameter,  a  convenient  milled  handle 
being  provided  beyond  the  large  end  of  the  gauge,  as  in  Fig.  3. 

Fig.  3. 


To  this  standard  plug  is  fitted  a  ring  gauge  or  female  gauge  of  any 
convenient  external  form,  which  is  in  length  the  same  as  the  taper  part 
of  the  standard  plug ;  so  that  when  the  hole  and  the  plug  are  clean  and 
dry,  the  one  should  just  fit  and  fill  the  other  and  come  flush  hi  the 
upper  end.  These  plugs  and  rings  are  to  be  retained  in  the  storeroom 
as  standards  to  try  other  gauges  by.  It  is  stated  that  the  large  majority 
of  bolts  used  on  a  locomotive  and  made  taper,  can  on  the  taper  of  -^ 
inch  to  the  foot,  be  driven  home  if  the  size  of  the  bolt  and  hole  is  such 
as  will  cause  the  head  of  the  bolt  to  stand  above  the  top  of  hole  one- 
eight  of  an  inch,  and  when  such  a  bolt  has  been  driven  home  it  will 
have  compressed  thelbolt  or  stretched  the  metal  into  which  it  has  been 
driven  to  the  amount  of  '0065  inch,  and  the  fit  will  be  almost  as  tight 

Fig.  4. 


as  are  car  wheels  forced  on  to  their  axle  in  the  usal  manner.  The 
gauges  used  by  the  workmen  at  the  turning  lathes  for  bolt  work  are 
made  of  cast-iron  similar  to  the  gauge  described  in  connection  with 
the  steel  plug,  but  are  rectangular,  so  as  to  rest  well  on  the  lathe  bed 
in  a  handy  position  for  trial,  and  on  each  one  of  these  gauges  is  cast 
the  representation  of  one-half  of  the  kind  of  bolt  it  is  used  for,  as  for 
example  one  for  hexagon-head  bolts,  and  one  for  countersunk-head 
bolts.     (See  Fig.  4.) 
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Tlie  bench  or  rather  lathe,  gauge  for  an  inch  bolt  may  be,  say  0 
inches  long  and  2\  inches  square;  the  same  sized  casting,  in  fact,  may 
be  used  for  several  sizes  of  bolts.  These  lathe  gauges  are  reamed  to 
such  a  size  that  the  standard  plug  in  the  storeroom  will  be  flush  with 
the  top  of  the  gauge,  precisely  as  is  the  standard  ring  in  the  storeroom 
on  the  same  plug.  Bjlts  turned  taper  must  fit  this  gauge  with  the 
head  just  touching  the  top  of  gauge,  and  without  rattle  or  shake  over 
the  length  of  the  gauge.  The  reamers  used  for  tapering  the  holes  in  the 
shop  should  be  not  only  long  enough  to  enter  the  hole  drilled  and  tapered 
to  the  required  size,  but  there  should  be  .several  inches  left  at  the  large 
end  to  allow  for  redressing ;  thus  a  one-inch  reamer  should  be  one-inch 
"in  diameter  at  its  small  end,  at  one  foot  from  small  end  it  should  be 
1-jlg^  inches  in  diameter,  and  if  beyond  this  it  continues  at  the  same 
taper,  say  three  inches,  it  should  measure  V^^  inches  in  diameter  at  its 
largest  end.  Such  a  reamer  may  be  reground  until  its  largest  diameter 
has  been  reduced  to  the  .standard  size.  These  reamers  arc  guarded  at 
their  upper  end  by  a  collar  driven  on  and  covering  the  entire  unused 
part  of  the  reamer,  which  collar  can  from  time  to  time  be  dressed  oflF 
at  the  lower  end  to  gauge,  to  keep  the  size  correct.  To  adjust  the 
reamers  there  are  kept  in  the  storeroom  a  .set  of  rings,  one  for  each 
size  of  bolt,  which  are  so  sized  that  the  standard  plug  does  not  enter 
flush,  but  stands  out  one-eight  of  an  inch.  It  is  well,  too,  to  retain  in 
the  storeroom  reamers  not  guarded  at  the  large  end,  which  can  be  used 
from  time  to  time  in  retapering  the  gauges  in  use  at  the  shop.  Figuring 
or  lettering  on  the  gauges  should  not  be  on  the  upper  end,  as  that  part 
in  readjusting  requires  to  be  turnal  away. 

The  same  system  of  gauges  for  the  bolts  that  are  ,^  inch  larger  under 
the  head  than  the  name  of  the  bolt,  and  which  bolts  are  9  inches  long 
or  under,  can  be  carried  out  in  making  the  bolts  that  are  ^  inch  larger 
under  the  head  and  are  9  inches  long.  The  outfit  requird,  therefore,  is 
for  the  storeroom  :  one  i)lug  gauge  and  one  female  gauge  to  match  for 
each  size  of  bolt,  and  for  each  kind  of  bolt,  whether  under  or  over  9 
inches  long;  one  ring  or  female  gauge  for  the  adjustment  of  the  ream- 
ers, with  the  hole  as  much  smaller  than  the  bolt  Jis  \\\\\  give  the  proper 
compression,  and  one  standard  reamer  for  the  adju>tmcnt  of  the  gauges. 
In  the  shop  the  gauges  arc  female  for  the  bolts  and  (he  guarded  reamers 
for  making  the  holes. 

The  taper  bolt  system  calls  for  the  use  of  two  lathes  to  make  each 
bolt,  one  to  turn  the  cylindrical  apart  for  the  screw   thread  and  to 
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square  up  under  the  head,  the  other  lathe  set  to  a  uniform  taper,  not 
by  the  setting  over  of  the  head,  but  by  means  of  some  good  former 
attachment,  that  will  insure  uniformity  of  taper  regardless  of  the  length 
of  the  bolt.  In  the  first  lathe  the  gauges  used  may  with  advantage  be 
such  as  these  very  fine  snap  gauges  made  by  the  Pratt  &  Whitney  Co. 
of  drop-forged  steel,  or  those  made  by  the  Betts  Co.,  of  Wilmington 
Delaware.  (Both  makes  of  snap  gauges  were  shown.)  With  a  double 
ended  gauge  the  cylindrical  end  of  the  bolt  can  be  made  ready  for  the 
screw  lathe  or  the  bolt  cutter,  and  Avith  the  larger  gauge  -^  larger,  the 
diameter  under  the  head  can  be  brought  to  size,  and  this  sized  part  can 
be  utilized  to  start  the  taper  in  the  taper  lathe,  either  starting  the  cut 
at  that  part  or  setting  the  tool  to  a  stop  screw  in  the  rest  at  the  large 
diameter,  backing  off  and  entering  the  cut  at  the  small  end  of  the  bolt, 
and  turning  up  toward  the  head.  In  practice  it  is  found  that  the  size 
and  taper  can  be  readily  hit,  and  the  gauge  has  very  little  wear  from 
excessive  use  and  repeated  trials.  When  turned  to  size  the  bolt  should 
fit  the  taper  gauge  with  no  shake  and  the  head  just  touching  the  end  of 
the  lathe.  The  inspector  in  the  bolt  storeroom  should  also  examine 
the  bolts  with  the  taper  gauge  before  putting  them  into  stock.  By 
means  of  the  standards  in  the  toolroom  the  gauges  for  the  lathe  and 
the  taper  reamers  can  be  kept  to  size.  There  are  now  to  be  had  very 
convenient  tools  arranged  for  grinding  the  cutting  edges  of  reamers  to 
any  required  taper. 

It  is  the  practice  with  some  users  of  taper  body-bound  bolts  to  only 
taper  the  holes  to  a  depth  equal  to  the  thickness  of  the  thinnest  piece 
to  be  secured.  As  for  example,  where  the  braces  from  the  boiler  are 
attached  to  the  thick  frame,  they  will  ream  the  hole  taper  through  the 
brace  foot  and  for  an  equal  depth  into  the  frame,  and  while  the  bolt  is 
made  tapered  down  to  the  thread  it  will  not  fit  the  hole  anywhere 
below  the  taper  part  of  the  hole.  If  a  drill  1:^-^  inches  diameter  be  used 
to  drill  the  hole  for  an  inch  bolt,  and  the  drilled  hole  be  reamed  out  to 
near  1^  at  the  top,  the  taper  will  be  for  a  depth  of  3  inches  only; 
quite  enough  bearing  to  hold  a  foot  \\  inches  thick  in  place. 

Having  described  the  system  of  gauges  to  you  and  explained  some 
of  the  uses  and  advantages  of  taper  bolts  under  certain  conditions,  I 
do  not  feel  prepared  to  report  in  favor  of  any  particular  taper  for 
.such  bolts.  The  question  of  uniformity  of  taper  in  the  body  of  bolts, 
while  it  is  of  importance  as  tending  to  interchangeability,  yet  involves 
more  important  considerations  than  in  the  change  of  the  threads  used 
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on  the  bolts  themselves.  The  taper  hole  for  the  bolt  in  any  machine 
becomes  part  of  the  machine.  The  bolt  itself,  a  movable  piece,  may  be 
put  into  such  a  hole  with  any  one  of  a  dozen  kinds  of  threads  cut  on  its 
end.  The  taper  that  has  been  already  adopted  in  any  .shop  or  on  any 
road  requires  that  all  future  work  shall  conform  to  it. 

If  the  Pennsylvania  Railroad  and  all  its  branches  have  adopted  ^2 
it  is  folly  to  ask  them  to  change  it  to  -^  inches  becau.se  their  own  con- 
nections are  large  enough  to  make  them  independent  of  almost  any 
other  corporation,  and  the  need  of  absolute  uniformity  in  their  work 
would  cause  them  to  stick  to  that  particular  taper.  Any  of  you  having 
five,  six,  seven,  or  two  or  three  hundred  locomotives  must  make  up 
your  minds  what  you  Avill  do.  When  we  changed  the  standard  for 
screw  thread.s,  a  screw  thread  was  adopted  which  had  a  manifest  ad- 
vantage. It  is  easy  to  adopt  a  screw  thread.  A  bolt  with  any  kind  of 
screw  thread  can  be  used  on  any  machine.  But  once  having  adopted 
a  taper  for  the  body  of  bolts  on  a  road  it  is  very  difficult  to  make  a 
change,  and  whether  it  is  wisdom  for  this  Association  to  say  that  any 
particular  taper  shall  be  the  standard,  is  a  question  that  I  am  entirely 
unable  to  answer.  Therefore,  I  am  unwilling  to  recommend  any  taper 
to  you,  and  only  present  the  facts  ;  but  I  will  .say  that  -^  inch  is 
enough.  The  less  taper  you  have  the  less  material  you  have  to  cut  away. 
But  to  .say  that  -^^r  is  preferable  to  -^j  is  folly  bccau.se  no  human  being 
could  feel  the  difference.  If  a  bolt  hiis  5  degrees  taper  it  will  set  well ; 
if  it  has  6  or  7  degrees  it  may  jump  out.  Five  degrees  is  about  the 
angle  of  friction  for  iron.  Five  degrees  would  bo  an  absurd  angle 
for  a  taper.  Any  taper,  then,  that  will  hold  the  bolt  when  driven  in, 
will  answer  the  j)urpose.  I  think  that  the  presentation  which  I  have 
made,  showing  you  a  .system  of  gauges  which  is  already  in  use  by 
those  who  have  iiad  long  experience,  may  enable  you  to  discuss  the 
matter,  so  as  to  arrive  at  .some  conclusion  as  to  whether  you  will  adopt 
a  uniform  taper  or  whether  you  will  let  things  go  as  they  are.  Nothing 
is  more  desirable  than  an  interthangoiible  .system;  and  while  it  is  un- 
doubtedly advantageous  to  make  all  parts  of  macliines  on  the  intef- 
changeable  system,  yet  in  the  matter  of  making  holes  to  size  there  i.s  a 
very  good  illustration  of  the  difficulty  ciunuerated  taken  from  work 
with  which  I  am  familiar.  In  making  turning  lathes,  the  part  that  the 
longest  resisted  this  uniformity  was  the  sliding  spindle  of  the  dead- 
head. Spindles  may  be  made  very  close  to  size,  but  not  so  close  that 
each  spindle  must  be  fitted  to  place  in  the  hole  ground  out  to  receive  it, 
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this  for  the  reason  that  any  shake  or  looseness  other  than  which  will 
permit  freedom  of  motion  is  detrimental,  and  it  was  not  until  the  plan 
was  adopted  of  arranging  conical  self-centering  clamps  to  each  end  of 
the  bearing  of  the  dead-head  spindles  that  such  spindles  could  be 
made  to  gauge,  and  thus  added  to  the  list  of  the  interchangeable  parts 
of  the  machine. 

In  conclusion,  it  seems  to  me  that  the  consideration  of  the  uniformity 
of  taper  should  be  entered  upon  with  caution ;  but  from  what  I  have 
presented  to  you  as  bearing  on  the  facts  of  the  case,  you  must  be  quite  as 
well  prepared  to  debate  the  question  as  if  I  had  urged  the  adoption  of 
any  particular  standard  taper.  If  you  do  not  see  fit  to  consider  the 
question,  the  system  of  gauges  as  used  by  the  Baldwin  Locomotiv^e 
works  will  enable  those  who  desire  to  systematize  their  taper  bolt  mak- 
ing, and  to  carry  it  to  a  reasonable  degree  of  uniformity  in  their  shops. 


ON  THE  SCREW  PROPELLER. 


By  Jas.  N.  Waerington,  M.  E.  (Stevens.) 


The  following  pages  are  confined  mainly  to  a  discussion  of  the  prin- 
ciples involved  in  the  action  of  the  screw  propeller,  and  the  conditions 
of  maximum  efficiency. 

In  })art  I  the  writer  has  endeavored  to  present  the  most  advanced 
views  on  the  subject,  with  reliable  formuhe  for  design. 

Part  II  contains  an  original  mathematical  scheme  for  the  design  of 
a  propeller,  with  a  discussion  of  efficiency. 

I. — DISCUSSION    OF   THE   ACTION    OF    THE   SCREW    PROPELLER. 

The  action  of  the  screw  propeller  was  formerly  considered  to  be  that 
of  a  screw  in  a  nut.  The  slip  was  taken  as  the  yield  of  a  solid  cylin- 
der of  water  having  a  diameter  equal  to  that  of  the  wheel. 

A  truer  conception  of  this  action  has  come  to  be  accepted  at  the 
present  day.  The  late  Dr.  Froude  was  the  first,  I  believe,  to  consider 
the  action  as  that  of  a  set  of  oblique  surfaces  which  do  not,  and  in 
fact  should  not,  drive  a  solid  stream.  Had  the  propeller  been  devel- 
oped from  the  windmill  instead  of  the  Archimedian  screw,  the  princi- 
ples of  its  action  might  i)erhaps  have  been  earlier  understood. 

If  we  follow  out  the  blade  from  the  root  to  the  tip,  we  see  that  the 
pitch  angle  grows  smaller,  so  that  the  yield  of  the  water   is  jnore 
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nearly  in  the  line  of  the  ship's  motion  at  the  tip  than  near  tiie  boss. 
So  far  as  this  is  concerned,  then,  the  ti})  of  the  blade  is  the  most  effi- 
cient part. 

But  fluid  friction  varies  nearly  as  the  square  of  the  velocity.  At 
the  periphery,  therefore,  the  frictional  less  will  be  greatest ;  and  we 
will  find  that  the  most  efficient  part  of  the  blade  is  at  some  interme- 
diate point. 

Froude  finds  the  pitch  angle,  or  angle  between  the  blade  and  an 
athwart-ship  plane,  to  be  45°  for  ma.ximum  efficiency.  His  discus- 
sion* is  limited  to  a  flat  surface  having  a  rectilinear  motion.  For  such 
a  surface  the  pressure  is 

P=pAv'sm.d  (1) 

in  which  p  =  a.  constant,  A  =  area  of  surface,  r  =  velocity  of  surface 
through  the  water,  6  =  angle  between  tiie  plane  and  the  line  of 
motion.     The  value  of  p  is  about  1"7.     The  friction  is 

F  =  fAv'  (2) 

in  which  /=  0'008  for  a  unit  of  surface  of  both  face  and  back  of 
blade. 

To  investigate  the  conditions  of  maximum  efficiency  let  A  A^  repre- 


2p     TrzutM/ZUt^  Sy^ctcL  o^JiXa^-^ 


-T" 


A 


sent  a  plaue  having  a  ti-ansver.se  vehn-ity  A  B.     Let  B  C  =  speed  of 
ship,  and  CD  =  speed  of  slij).     Tiieii  will  A  C represent  the  motion 


*  Transactions  of  the  Institution  of  Naval  Arcbitecta,  1878,  vol.  19,  p.  47. 
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of  the  plane  through   the  water,  both   in  direction  and  in  velocity ; 

DC-. 

=  slip  ratio,  d  =  slip  angle,  a  +  ^  =  pitch  angle.     Then  by 

B  D 

equations  (1)  and  (2)  and  the  figure  we  have 

P  =  j3^  F^sec.^asin.  ^  (3) 

And  F=fAV^^Qc?a  (4) 

The  effect  of  P  in  the  line  of  the  ship's  motion  is  P  cos.  {a  -\-  6); 
but  from  this  must  be  deducted  the  longitudinal  component  of  the  sur- 
face friction,  which  is  Psin.  a.  Thus  the  net  force  available  for  pro- 
pulsion is  Pcos.  {a-\-d)  —  Psin.  a.  This  must  equal  the  ship's  resist- 
-ance,  R.     Hence  we  have 

R  =  P  COS.  (a  +  ^)  —  P  sin.  a  (5) 

The  effective  work  done  is  that  employed  in  overcoming  the  ship's 
resistance  with  the  ship's  actual  speed.     Call  this  work  U^  .     Then 

U^  =  Rv  =  RV{vin.a.  (6) 

f 

Making  the  requisite  substitutions  and  putting  k  for  ^  we  have 

? 
U  ^  p  A  V^  sec.^  a  tan.  a  [cos.  {a-^d)  sin.  0  —  k  sin.  a]         (7) 

The  gross  work  done  is  the  transverse  component  of  P  plus  the 
transverse  component  of  surface  friction,  each  acting  with  a  speed,  F. 
•Call  the  gross  work  Ug ;  then 

l\  =  pA  V^  sec'  a  [sin.  (a+(?)  sin.  d  +  k  cos.  a]  ^  (8) 

In  terms  of  v,  the  ship's  speed,  instead  of  F,  the  transverse  speed  of 
the  plane,  U^  and  U^  become 

U^  =  p  A  r^  cosec.^  a  [cos.  {a-{-d)  sin.  d  —  k  sin.  a]  (9) 

Ug  ^=  J)  A  r"  cosec'  a  cot.  a  [sin.  {a-\-d)  sin.  6  -{-  k  cos.  a]        (10) 

But  L\  also  equals  R  v,  and  the  value  of  A  necessary  to  maintain 

propulsion  is 

A  = - -, .—  (11) 

p  x?  cosec'  a  [cos.  (a-f  <?)  sin.  Q  —  k  sin.  a\ 

whence 

rr  r,  .  sin.  (a-l-^)  SIM.  ^  +  ^*  COS.  «  /,  o\ 

U  =  Rv  (lot.  a  i — — i ■ — - — ; (l^j 

COS.  (a -|-^)  sin.  ^  —  /csin.« 
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Then  the  efficiency  is 

_         L\  COS.  (a-\-d)  sin.  6  —  k  sin.  a 

E=  — -  =tan.  a  ^ i (13) 

Ug  sin.  {a-\-d)  sin.  6  ^  k  cos.  a  ' 

There  will  be  no  appreciable  error  in  a.ssuining  sin.  6  =  6  and  cos. 
6  =  \.     With  these  substitutions  equation  (13)  becomes 

r i.  ^  COS.  a  —  (^^4-  ^).sin.  a 

6  sin.  a  -\-  {6'^  -\-  k)  cos.  a 

6—(d^+k)tan.a  ,. , 

=  tan.  a  ^^ — ' — i (14 

^tan.  a+(^-  +  A-)  ^ 

The  two  differentiations  of  this  equation  give  respectively  the  fol- 
lowing values  of  6  and  tan.  a  as  the  conditions  of  raaxiraum  efficiency: 

When  6  varies  independently,  6  =  Vk. 

a 

When  tan.  a  varies  independently,  tan.  '1  a  -= 

6'  -\-  k 

and  tan.  (a  +  O)  =  t-'^M^gH-j)'- (y+^  +  0  tan,  tf 
e—dtan.e  [l/#'+  ((*-+/;)=—(«'+/•)] 
Substituting  6  =  Vk,  we  have 

t,n.(«_,^)_'/rTW?-2^  +  tan.^ 


1  +  2  6  tan.  /?— tan.  6  V^l  +(2  df 
Now  observing  that  when  6  is  small  tiui.  6  does  not  exceed  6  by 

,  so  that  when  6  =  sav  i,  or  just  exceeds   10°,  the  difference 

between  the  arc  and  the  tangent  is  less  than  -j^,  we  may  put  tan.  6 

=  6 ;  and  since  within  the  same  scale  of  approximation    Vl-\-{26y 

=  1  +  (2  6y,  we  have 

tan.  (a4-6)  = L ,  or  in  effect  =  1. 

^         ^       1  _  ^  +  2  ^2  _  2  ^3' 

Thus  in  all  ca.ses  where  the  due  relation  between  6  and  k,  \_6=yk'\y 
is  maintained  so  as  to  .secure  maximum  clHciency,  the  actual  pitch 
angle  which  will  give  the  maximum  efficiency  is  45°. 

Froude  shows  that  the  maximum  efficiency  attainable  is  77  per  cent. 
The  efficiency  of  a  screw  cannot  he  so  great  as  thi.s,  since  only  one 
region  of  the  blade  can  have  the  most  effective  pitch  angle. 
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We  see  from  this  discussion  that  small  slip  does  not  mean  high 
efficiency.  The  pitch  angle  at  the  centre  of  effort  of  the  blade  should 
be  45°.  Hence,  if  the  blade  is  wide  at  the  tip,  it  should  have  a  coarse 
pitch ;  and  if  it  is  narrow  at  the  tip  it  should  have  a  fine  pitch,  the 
object  being  to  make  the  most  efficient  part  of  the  blade  do  the  most 
work. 

The  blades  should  not  interfere  with  each  other  in  their  action.  The 
fraction  of  the  circumference  occupied  by  the  blade  when  they  are 
projected  on  an  athwart-sliip  plane,  must  not  be  greater,  according  to 
Cotterill*,  than  1'18  sin.  a  cos.  a,  or  more  probably  less,  else  the  action 
of  the  blades  wall  interfere  with  each  other.  In  this,  a  is  the  pitch 
angle. 

It  is  evident,  then,  that  the  action  of  the  screw  propeller  in  its  most 
efficient  working,  does  not  involve  the  sternward  projection  of  a  solid 
stream,  and  hence  all  formulae  based  upon  such  an  assumption  are  in- 
applicable. But  at  the  same  time  it  is  to  be  observed  that  it  is  by  the 
sternward  projection  of  the  water  that  the  vessel  is  impelled,  and  the 
nearer  this  approaches  a  solid  stream  the  less  becomes  the  loss  by  fric- 
tion ;  or,  in  other  words,  the  frictional  loss  is  smaller,  as  the  blades 
become  shorter  and  wider,  provided,  they  are  not  so  wide  as  to  cause 
interference  of  action. 

For  the  common  screw  of  uniform  pitch  we  have  the  following 
elementary  relations.     Let  a  =  pitch  angle. 


Then  tan.  a  = 


pitch 


circumference 
Speed  of  wheel  =  revolutions  X  pitch. 

For  the  helicoidal  area  when  the  screw  is  limited  by  planes  parallel 
to  each  other  and  perpendicular  to  the  axis,  we  have  the  following. 
The  equations  of  a  helix  aref  x  =  r  cos.  <f  -^  y  =  r  sin.  (p;  z  =  kr<f 

in  which  r  =  radius  ;  k  =  -— — i — ' ;  (p  =  angle   at   the   centre 

circumference 

subtended  by  the  projection  on  a  plane  perpendicular  to  the  axis. 

Let  I  represent  the  variable  length  of  the  helix  ;  then 

(11=  Vd  x^-\-dy^-^dz'^  =  rd<p   V^sin.  ^  (f  +  cos.  ^  (f  -\-  k^ 

=  rd<p  Vl  -}-  k^ 

and  l=r<pVl  +  P  +  (Q  =  0) 

*  Engineering,  vol.  xxvii,  p.  385. 
t  Price's  Calculus,  vol.  i,  p.  451. 
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If  we  let  S  represent  the  area  we  will  have  approximately, 


S=  C  Idr  =  i^    (  '"i  r  dr\  i     ,     piteh" 


Intecrratino: 


2 

1\  and  r.2  being  the  radii  of  the  periphery  and  boss  respectively.  We 
may  put  for  <p  its  value  in  terms  of  z,  the  fore  and  aft  length  of  the 
blade, 

z    2  n  z 

k  r        pitch 
For  the   projection  on  an  athwart-ship  plane  we  have,  letting  A  = 
the  total  projected  area  and  N  =  the  number  of  blades, 

^J'-2  2      ^'  '^       pitch^'         '^ 

A  large  majority  of  the  propellers  in  use  at  the  present  day  have  an 
increasing  pitch,  either  from  the  leading  to  the  trailing  edge,  or  from 
the  boss  to  the  periphery.  The  object  of  the  former  is  to  avoid,  or,  at 
any  rate,  to  le&sen,  the  shock  at  the  leading  edge,  while  the  purpose  of 
the  latter  is  to  move  the  centre  of  effort  further  from  the  boss  to  a 
more  efficient  part  of  the  blade,  I  am  indebted  to  Profes.sor  R.  H. 
Thurston  for  the  following  method  of  deducing  the  ecjuation  of  the 
curve  of  the  developed  screw  of  axial  ly  increasing  pitch:  — 

Let    a   =  angle  of  initial  pitch. 

P   =  initial  pitch  in  feet. 

P'  =  terminal  pitch  in  feet. 

D   =  P'  —  P  =  difference  of  pitches. 

C  =  circumference  of  screw  disk, 

K  =  fraction  of  circumference  occupied  by  projection  of  one 
blade  on  .s<Tew  disk. 
X  and  y  =  coordinates. 
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As  the  curvature  increases  uniformly  we  have  the  condition, 

(1) 


dx"- 


dx 


tx-\rh 


(2) 


in  which  e  and  h  are  constants  to  be  determined  by  values  assigned  for 
anterior  and  posterior  pitch. 


C 


When 

a;  =  0,  — ^  =  tan ,  a  =  b  — 
dx 

When 

irn  dy         P' 

.T  =  it   C,    -^    =    

dx         C 

P'  —P           D 

KC           KG' 

Now  equation 

(2) 

becomes 

dy  _    Dx          P 
dx        KC         C 

Integrate  and  determine  constant  by  the  principle  that  when  x  =  o, 
y  =  0 


2KC' 


(3) 


Now  change  the  axis  of  X  so  that  it  shall  be  a  tangent  to  the  curve 
at  the  origin. 

y  =  y'  -\~  x'  sin.  a;  X  =  x'  cos.  a. 


a^=—-;y=---  (6) 
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Let  I  =  t/C^^TTP^;    sin.  a  =  ^;  cos.  a  =  — 

I  I 

Substituting  these  values 

Px  Da?  C^  Px_ 

y  +  -^-  =  2  KP  c^  +  T~  (^^ 

y  =  YYf  ^^) 

in  which  Kl  =  distance  from  anterior  to  posterior  edge.     Make  m  := 
total  number  of  ordinates  and  n  =  number  of  ordinates  from  o,  and 

nKl  DKv? 

In  seeking  formulae  for  the  dimensions  of  the  propeller,  we  may 
use  either  the  indicated  horse  power,  or  the  resistance  of  the  vessel. 
If  both  are  known,  it  is  immaterial  which  is  employed ;  but  if  the 
probable  spee<l,  and  hence  the  resistance,  is  unknown,  it  becomes  neces- 
sary to  use  the  indicated  horse  power.  The  following  formulae  for  the 
diameter  and  pitch  are  given  by  Seaton.* 

"  The  thrust  of  a  propeller  has  been  shown  to  vary  directly  as  the 
area  of  the  disc,  that  is,  it  varies  as  the  square  of  the  diameter ;  it  has 
been  also  shown  that  the  thrust  varies  as  the  square  of  the  velocity  of 
flow,  that  is,  as  the  scpiare  of  the  product  of  revolutions  and  pitch. 
But  the  speed  of  the  ship  varies  as  the  product  of  the  revolutions  and 
pitch,  and  the  indicated  horse  power  should  \ary  as  the  product  of 
thrust  and  speed." 

Let  D  be  the  diameter,  und  P  the  pitch  of  the  screw  in  feet,  R  the 
number  of  revolutions,  and  IIP  the  indicated  horse  power ;  then 

Thrust  varies  as  D'  X  (R  X  Pf 

IIP  varies  as  Thrust  X  {R  X  P)  or  its  JD^  X  {R  X  Pf 

Then  IIP  =  K  X  P^  X  {R  X  Pf. 

The  value  of  K  being  substituted,  the  following  formula)  are  ob- 
tained : 

Diameter  of  screw  =  20.000    |      I^ 

^{PxRf 

^'  Pitch  of  screw  =  737    /UP 

R    ^      jy 

*  Manual  of  Marine  Engineering,  p.  288. 
Whole  No.  Vol.  CXVI.— (Thikd  Series,  Vol.  Ixxxvi.)  12 
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For  bluff  cargo  steamships  substitute  17,000  for  20,000,  and  660  for 
737 ;  while  for  torpedo  boats  and  fast  steam  launches  use  25,000  in 
place  of  20,000. 

PIIOPELLER   WITH    GUIDE   BLADES. 

This  form  of  wheel,  although  but  little  used,  is  not  without  advan- 
tage. In  the  few  cases  in  which  it  has  been  employed,  the  guide 
blades  have  been  placed  behind  the  wheel,  where  they  serve  to  direct 
the  currents  into  parallel  lines,  thus  absorbing  the  energy  which  would 
otherwise  have  been  lost  by  lateral  slip.  The  loss  of  energy  by  slip 
is,  then,  a  minimum  with  this  type.  Additional  friction  is  introduced 
with  the  guide  blades,  but  this  is  not  so  great  as  might  be  expected ; 
for  by  the  use  of  guides  the  diameter  may  be  diminished.  We  have 
already  seen  that  the  part  of  the  blade  near  the  boss  in  the  common 
propeller,  does  not  and  should  not  exert  much  of  any  thrust,  on  ac- 
count of  its  inefficiency.  In  the  guide  blade  propeller,  on  the  other 
hand,  this  part  of  the  blade  has  an  efficiency  nearly  the  same  as  that 
of  every  other  part.  This  form  of  wheel  may  therefore  project  a  solid 
stream  ;  or,  in  other  words,  its  diameter  is  a  minimum  for  a  given  slip 
and  thrust.  Thorneycroft  has  obtained  an  efficiency  of  66  per  cent, 
with  wheels  of  this  type.* 

The  objections  to  the  use  of  guide  blades  are  three  in  number,  viz. : 
the  additional  first  cost,  the  liability  to  injury  by  floating  obstacles, 
and  the  very  low  efficiency  when  going  astern.     Thorneycroft  says : 

"  I  consider  that  there  are  two  kinds  of  vessels  where  the  guide 
blade  propeller  might  be  used  with  advantage ;  they  are  sea-going  ves- 
sels which  often  run  in  ballast,  and,  consequently,  in  their  light  trim, 
do  not  properly  immerse  a  common  propeller,  and  the  other  vessels  for 
navigation  where  the  draught  of  water  is  limited  and  necessitates  the 
use  of  paddles  or  guide  blades.  In  this  case  it  would  appear  that  the 
guide  blade  propeller  may  be  more  advantageously  used  than  the 
paddle  where  high  speed  is  required,  owing  to  the  reduction  in  the 
weight  of  the  machinery,  consequent  upon  the  increased  number  of 
revolutions  that  may  be  used,  at  the  same  time  retaining  the  light 
draught  due  to  the  paddle  wheel,  and  having  the  further  advantage  of 
not  increasing  the  extreme  width  of  the  vessel,  which  is  an  important 
feature  in  inland  navigation." 

*  Engineering,  vol.  xxxv,  p.  461. 
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II. 

Problem: — Given  a  vessel  M'ith  a  certain  resistance;  required  the 
most  efficient  instrument  of  propulsion. 

This  is  the  problem  of  marine  propulsion  stated  in  its  most  general 
form;  limited  to  the  screw  propeller,  it  becomes  the  subject  of  the  fol- 
lowing pages.  That  it  remains  unsolved  is  not  due  to  lack  of  careful 
thought  by  talented  men,  for  many  able  engineers  have  given  it  their 
best  efforts.  The  uncertain  nature  of  the  conditions  involved  renders 
an  exact  solution  impossible ;  and  the  variation  of  these  conditions 
with  the  form  and  surface  of  the  hull,  reduces  a  general  formula  to  a 
mere  guess.  But  where  theory  has  failed,  experiment  has  in  part  suc- 
ceeded, and  it  is  quite  probable  that  a  large  number  of  the  propellers 
now  in  use,  have  an  efficiency  which  approaches  closely  to  the  maxi- 
mum. 

The  need  of  theoretical  knowledge  is  still  much  felt  however.  The 
present  propeller  blade  is,  so  far  as  shape  is  concerned,  the  result  of 
much  paring.  It  has  come  to  have  an  increasing  pitch,  either  axially 
or  radially ;  frequently  both.  Sometimes  the  blade  is  inclinal  back- 
ward ;  again  it  is  perpendicular  to  the  shaft ;  the  leading,  or  .some 
other,  corner  is  cut  away ;  and  it  has  many  peculiarities  such  as  the 
myriad  inventor  has  seen  fit  to  impose.  But  it  has  no  definite  mathe- 
matical relations  with  the  work  it  has  to  do.  Its  efficiency  cannot  be 
analyzed  so  as  to  determine  its  various  losses ;  and  hence,  time  and 
effort  are  often  wasted  in  the  endeavor  to  diminish  that  which,  it  may 
be,  is  already  so  small  as  to  be  almost  a  minimum. 

In  the  following-  discussion  I  have  endeavored  first  to  determine  the 
shape  of  the  blade  by  established  principles,  and  then  having  given 
the  resistance  of  the  vessel  and  certain  mathematical  properties  of  the 
blade,  to  find  the  dimensions  of  the  wheel.  The  judgment  of  the  de- 
signer must,  of  course,  always  be  relied  upon  ;  for  there  are  too  many 
variable  quantities  involved  to  admit  of  a  mathematical  maximum.  I 
have  chosen  to  trace  the  problem  in  its  logiail  order,  beginning  with 
the  resistance  of  the  ship  rather  than  with  the  indicated  horse  power, 
because  of  the  more  direct  relation  existing  between  the  former  quantity 
and  tiie  dimensions  of  the  propeller.  Since  the  resistance  can  in  most 
cases  be  calculated  when  the  indicated  horse  power  is  known,  no  diffi- 
culty exists  should  the  latter  quantity  be  given. 

My  method  of  treatment  is  then  as  follows : 

1.  Find  the  shape  of  a  blade  such  that  each  particle  of  water  shall 
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glide  upon  it  without  shock  and  be  uniformly  accelerated  in  the  line 
of  the  shaft. 

2.  Find  by  experiment  the  relation  between  the  acceleration  and  the 
intensity  of  pressure  on  the  projected  area  of  the  wheel,  this  projected 
area  to  be  upon  a  plane  perpendicular  to  the  axis.  Then  having 
assumed  the  slip  and  knowing  the  total  resistance  we  can  find  the 
amount  of  this  projected  area  and  also,  as  will  be  seen,  the  diameter. 

3.  Find  an  expression  for  the  efficiency ;  also  expressions  for  the 
loss  of  energy  by  friction,  by  slip,  and  by  edge-way  resistance. 

4.  Analyze  the  loss  by  slip,  separating  it  into  its  lateral  and  longi- 
tudidal  components. 

5.  Find  an  expression  for  the  loss  of  energy  by  the  friction  of  guide 
blades.  Then  we  may  ascertain  the  efficiency  of  the  guide  blade  pro- 
peller. 

I  will  first  consider  the 

PROPELLER   WITHOUT   GUIDE    BLADES. 

"  The  fundamental  principle  on  which  all  propellers  act,  is  that  the 
reaction  caused  by  projecting  a  mass  of  water  in  one  direction  produces 
motion  of  the  ship  in  the  opposite  direction."* 

It  is  clear  then  that  our  propeller  is  simply  a  sort  of  pump  outside 
of  the  vessel,  the  sole  duty  of  which  is  to  give  motion  to  the  water. 
In  order  to  avoid  shock,  this  motion  should  be  produced  gradually. 
Further,  it  is  clear  that  as  the  water  passes  across  the  blade,  its  velocity 
relative  thereto  remains  constant ;  for  the  blade  effects  only  the  direc- 
tion of  the  flow,  and  not  its  relative  velocity.  The  following  problem 
presents  itself: — 

Required  the  equation  of  the  curve  which  a  particle  will  describe-, 
having  a  constant  velocity  in  its  path  and  a  uniformly  accelerated  motion 
in  the  direction  of  X. 

The  following  nomenclature  will  be  observed.  Units  are  foot,  sec- 
ond and  pound : 

Fj  =  velocity  of  water  in  direction  parallel  to  axis  at  the 
leading  edge  of  the  blade ;  equal,  if  there  be  no 
following  current,  to  the  velocity  of  the  ship. 

\\  =  velocity  of  water  in  direction  parallel  to  axis  at  the 
trailing  edge. 

*  Manual  of  Marine  Engineering,  Seaton,  p.  272. 
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t'o  =  whirling  velocity  of  watei'  relative  to  blade  at  leading 
edge  ;  equal  to  the  linear  velocity  in  rotation  of  the 
corresponding  point  of  the  blade.    Varies  as  radius 
and  equals  2~  r  n. 
r  =  variable  radius  of  wheel, 
rj  and  r^  =  radii  of  periphery  and  boss, 
/j  =  breadth  of  blade. 
S  =  area  of  surface  of  blade. 

A  =  projected  area  of  blades  upon  an  ath wart-ship  plane. 
p  =  intensity  of  pressure  upon  this  area. 
n  =  revolutions  of  wheel  per  second. 
JR  =  resistance  of  vessel  in  pounds. 
f  =  acceleration  in  direction  of  axis. 
Fj —  T'o'^^  ^  ^=  slip  in  direction  of  axis. 
^  ^V  +  ^"o^    =  resultant  relative  velocity  of  water. 
=  velocity  of  any  point  of  blade. 

Take  the  origin  of  coordinates  at  the  leading  edge,  and  let  x  be  par- 
allel to  the  shaft. 


Then  by  the  conditions  of  the  problem 

dx^  /.      ■,  dx^         d\f  dp  

Te  ~''  ^^   d~e      d~e  ~  dTe  ~ 

From  the  former  we  have  by  integration 

^^  =  /<  +  (Q=  n) 


72   -4-1-' 


and 
whence 


1 


y  [1  i7-f2/a--T;] 
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And  from  the  second  condition  we  have 
dl 


[Jour.  Frank.  Inst., 


Avlience 


l=tVV,'  ^v,'-^{C,  =  o) 
t  = 


I 


V  T7  +  V,' 
Equating  the  values  of  t  gives 

, =  ->  [1/  V,'  +  2/^  —  Fo] 


or 


1=  ^  ^<> 


f 


[VV,'  +  2fx-  Fo] 


(1) 


an  expression  for  the  length  of  the  arc.     Now  to  find  the  equation  of 
the  curve  in  terms  of  x  and  y,  differentiate  (1)  and  we  have 


o'  dx 


But 


and 


di=YlIl^^ 

V2fx+  V,' 
dl=  Vdx'-^-df 

^     ^  2fx+  V,' 

~2jx 


dx  >'2" 


-2/0.+  Fo^ 
This  is  the  tangent  of  the  angle  which  a  tangent  to  the  curve  makes 
with  the  axis  of  X. 

Multiplying  by  d  x  we  have 

dy=dxJ?ElIl 


To  integrate  this  let  a,'  J 
Then 


2^3;+ Fo^ 


2/a.  =  X 


and 


2/(X^  +  1) 
dx=^  -  V  +   y.\    X  cZ  X 


dy 


_   T7  +  i^o'    X'^dX 


i 
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By  formula  of  reduction  (Z))  we  have 
fx"  {X'  +  1)-- dX=^X^X'-{-  1)-'  —  i  J.Y^  {X'  +  l)-i  d X 
=  i  r     ^'      —  X  tan.-i  X  —  k] 

in  which  K  is  the  constant  of  integration.     We  have  then 

r     ^'      —  X  +  tan.-'  X=k\ 
LX2  + 1  ^  J 


y  =  — 


Vo'  +  V 


2/         LX=^  + 


For  X  =  o,y  =:  0,  and  Jf  =   — ^  :    whence 

K=  tan.->  il  —       ^0  ^« 

and  this  value  substituted  in  the  preceding  equation  will  give  us  the 
equation  required.  A  simpler  form,  and  one  more  convenient  for  use, 
is  the  following : 

y^{H+h){K-  tan.->  X)  +  X  {H  +  x)  (2) 


K 


v^ 


in  which  H=  -'-±;  h  =  1^ 
2/  2/ 


K  =  tan.-'  J'±-  —       '^0  ^      ;  ^  =  \ 


yi yi 

and  /  =  —J 5.,  x^  being  the  abscissa  to  the  trailing  edge. 

2  a;. 

This  is  the  equation  of  a  plane  curve.  To  apply  it  to  a  propeller 
it  must  be  wrapped  upon  a  cylindrical  surface  and  used  as  a  directrix, 
just  as  the  hypothenuse  of  a  right-angled  triangle,  so  wrapped,  is  used 
as  the  directrix  of  the  true  screic.  The  leading  edge  may  have  any 
shape. 

AREA   OF   THE   BliADE. 

While  /  remains  constant  in  equation  (2),  it  may  vary  with  the 
radius.  The  slip,  G,  may  also  vary  with  r,  although  constant  in  the 
equation  of  the  curve. 

We  will  take  four  cases. 

A  general  approximate  expression  for  the  area  will  l)e 
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Case  1. — -J  and  G  constant. 
By  equation  (1)  we  find 

in  which  a;,  is  the  abscissa  to  the  trailing  edge  for  a  breadth  of  blade,  l^. 
But  2fx,=  V,'^-V,' 


S  =  - 


^1  —    "^^0        , 


Hence  l^  = t /  V^^  +  v^' 

Substituting  we  have 


J*[^'  d  r  V  Vo^ -\- {2  7T  n  rf 


f 
Integrating 


/  

f       J  r,  \4!r'«' 


s  =  54^  r.  J  ^^  +  '^  +  r^  hyp-  log-  ('•  + 


>  4  ;r^n^  /  Jr, 


Case  2. — -/  =m  V  V^^  +  ■^o^ ;  Gr  constant. 

These  assumptions  would  probably  be  very  suitable  for  a  guide 
blade  propeller.     They  give  us 

G 


li  ^  —  =  constant 
m 


Hence  S  ^=    \   }  li  d  r  =  l^  (r^  —  r^) 


Case  3.—/  =  m  l/  V^  -\-  < ;  G='kV  V^  +  v^. 

By  thus  assuming  the  slip  to  vary  from  the  boss  to  the  periphery, 
we  obtain  an  effect  similar  to  that  obtained  by  increasing  the  pitch 
radially  in  the  common  .propeller. 

In  this  case  h 


h  =  -^'  y.'  +  '^0 


m 
and 


d  I 

m      ^  r^  >  4  ;r^  w^  m     L    \  4  tt'^  n,^  I 
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in  which  m  and  k  are  constants  to  be  found,  either  from  practice  or 
by  experiment. 

In  the  case  of  very  high  speed  vessels,  as  torpedo  boats,  or  of  large 
ships  where  practical  considerations  relative  to  the  strength  of  the 
blade  determine,  in  great  measure,  its  proportions,  it  will  probably  be 
desirable  to  avoid  the  wide  tipped  blade  to  which  the  last  set  of 
assumptions  will  lead.  Let  us  then  assume  /  to  vary  as  the  square  of 
the  velocity  and  we  will  have 

Case  4.—/=  m  (  V,'  +  V) ;   G  =  k  V  V^  +  V- 

Then  /j  =  —  =  constant, 
m 

and  .S'  =  \  (j-i  —  r^. 

The  conditions  of  this  case  are  favorable  to  high  efficiency,  since  the 

centre  of  effort  is  well  out  toward  the  periphery  at  an  efficient  part, 

and  yet  the  tip  of  the  blade  is  not  so  wide  as  to  cause  undue  loss  by 

friction. 

DISCUSSION    OF    PROPERTIES    OF    BLADE. 

If/ and  G  are  taken  constant,  then  will  the  fore  and  aft  length  of 
the  blade,  x^,  be  constant  also  ;  for  we  have 

x,  =  -i — -. 

2/ 


\ij=mVV^-\-  Vq'   and  G  remains  constant,  then 

172 Y2 


X,   = 


'2mV  ^0^+  (2  7rn7f 


If/^  m  V  Vq  +  v^    and   G  also  varies  with    r   so  as   to    equal 
k  V  Fo'  +  r/,  then 


Lastly,  if  /  =  m  ( T^  X  v^^)  and  G  =  k  V  V^'  -\-  v^^  then 


k^       ,  V,k 

X.  =  — —   +  ° 


2  m  M  1    T7  +  (2  ;r  n  r)\ 

In  the  side  vertical  projection  of  the  blade  we  may  draw  either  the 
leading  or  the  trailing  edge,  and  then  by  one  of  the  above  equations, 
find  tiie  other  edge. 

We  will  now  consider  the  intensity  of  pressure  upon  the  projected 
area. 
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Let  M=  mass  of  water  acted  upon  per  unit  of  projected  area; 
j>  =  pressure  thereon.     Then  p  =  Mf. 

M  necessarily  varies  as  V  V^  +  v^. 
Then  for /constant;  _p  oc   V  V^  -\-  v^. 
Then  for /  =  m  VYfT<;  P  «  (T?  +  O- 
Then  for  /  =  m  ( V/  +  V) ;  P  <^  {  V' +  <f 
We  may  find  the  radius,  r,   to    the   point   of    mean    intensity    of 
pressure,  thus : 

r  \  p  dr  =  \  p  r  dr. 
For  p  =  p^l/  Vf)'  +  V  t^^^  becomes 

-  ^  Pi  J   r  drV  V,'  +  (2  7rn  rf 
Pij  dr  V  V^  +  (2  Tin  7f 


(Fo^   +(2  7rnr)2) 


Jr  dr  (  Fo^  +  (2  TT  w  yf  ) 


T     \ 


Jr  dr  (  T7  +  (2  tt  w  rf ) 
fdr(v,'  +  (2;rnr-)2) 


r  = 
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(t7  +  (2;rnr)^) 


r' 

f 


20 


-JJ—  hyp.  log.  (r  +  ^|_2o!_   +  ?•"  )    r 

r* 

This  point  of  mean  intensity  is  not  to  be  confounded  with  the  centre 
of  effort.  The  position  of  the  latter  depends  upon  the  distribution  of 
the  area,  and  it  will  lie  beyond  or  within  the  point  of  mean  intensity 
according  as  the  projected  width  is  greater  beyond  or  within.  I  have 
not  been  able  to  find  the  radius  to  the  centre  of  eifort  because  I  have 
no '  expression  for  the  projected  area,  the  terms  involved  becoming 
very   unwieldy.      This   radius    must  therefore    be   found   from   the 

drawing  by  an  approximate  calculation.     Calling  it  r  we   will    have 
-  =  a  =  a  constant  which  will    differ   for   each  rate   of  variation 

of /and  G. 

TO    FIND    THE    DIAMETER. 

Let  p'  =  the  intensity  of  pressure,  or  thrust,  upon  the  projected 
area  at  the  centre  of  eifort ;  then 

p'  A  =  R;   A=  —. 

p' 

In  this  expression  R  is  the  only  known  quantity.  A  is  sought, 
hence  we  must  find  a  value  for  for  p'. 

Let/'  =  acceleration  at  the  centre  of  effort ;  then 

p'  =  Mf 
Now  since  M  varies  as  V   V^  -\-  v^,  let  it  equal  ^  V  V^^  -\-  v^ ;  then 


p'=J'^y   V,'  +  {27:nf{ar\? 

in  which  (a?*,)  is  the  radius  to  the  centre  of  effort. 
If/=m(F„2  +  t;„2)then 

To  find  ^',  therefore,  we  nui^t  first  assume  a  value  for  ?-,. 

Using  this  value  oi'  p'  we  may  find  the  value  of  A.     If,  now,  we 
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make  the  area  of  the  athwart-ship  projection  in  our  drawing,  equal  to 
A,  we  can  measure  the  radius ;  for  the  loidth  of  the  blade  is  fixed  by 
previous  assumptions  of  /  and  G. 

If  this  value  of  the  radius  found  from  the  drawing,  differs  from 
that  assumed  in  the  formula  for  p^,  we  must  find  another  value  for  p', 
using  a  value  of  r^  intermediate  between  the  first  assumption  and  the 
graphic  value.  This  will  give  another  value  for  A,  and  on  the  draw- 
ing, a  more  closely  approximate  value  for  r^.  Thus  by  trial  we  can 
arrive  at  the  correct  value  for  the  radius.  In  the  formula  for  p',  the 
constant  /3  is  to  be  found  by  experiment,  its  value  being 

P' 

3  = ,  — :  -==r  in  which 

fl^V,'  +  {27:nf{ar,y 

p'  is  the  experimental  quantity. 

If  the  projected  area  and  the  radius  to  the  centre  of  eifort  were 
known  in  terms  of  r^  we  could  find  the  exact  value  of  7\  by  the  equa- 

tion  A^  —r  ■ 
P 
We  may  hov/ever  construct  such  a  formula,  introducing  a  constant 

to  be  afterward  determined.  Take  the  fourth  case,  in  which  /  =:  m 
(  Fq^  +  Vq^)  and  G  =  k^'^  V^^  -\-  v^.  In  this  case  we  may  assume  A  to 
be  directly  proportional  to  r^  While  this  is  not  exactly  true,  it  will 
be  approximately  so  within  modern  limits  in  practice,  and  for  extreme 
cases  we  may  find  other  values  for  our  constant.  Further,  A  will  be 
very  nearly  proportional  to  the  breadth  of  the  blade  into  the  sine  of 
the  angle  which  its  leading  edge  makes  with  the  axis ;  that  is,  to  l^  sin. 


r^l^  sm.  I  tan.~'-^  I  =constant  X  — 

or  smce  L  = — ,  and  sm.  I  tan.    -=7  1:^ — ; —      .-^ 

'       m  \  V/       /F2_^     2 


Hence  we  may  write 

R 

P' 


r^hv^  R 

-_=^  T=  constant  X 


Taking  v^  at  the  radius  to  the  center  of  effort  which  is  a  rj,  we  have 
2  7rn  a  A;  rj  =  constant  X 


/9(y„2+(2  7rnari)2) 
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Letting  f  represent  the  combined  constants  we  have 


whence 

which  is  the  formula  required. 

The  constant  ip  will  depend  upon  the  number  of  blades,  being  twice 
as  great  for  two  blades  as  for  four. 

The  value  of  ip  is  found  by  substituting  experimental  data  in  tlie 
formula, 

_nkr{{  F/  +  (2  Tzna  rj) 
^  -  R 

The  method  of  laving  down  the  blade  is  as  follows :  Fix  the  posi- 
tion of  the  leading  edge.  By  means  of  the  formula  for  x^  find  the 
side  vertical  projection  of  the  trailing  edge.  By  means  of  equation  (2) 
find  values  for  y^  and  lay  down  the  athwart-ship  projection  of  the 
trailing  edge.  In  constructing  the  cross  section  of  tlie  blade  at  any 
radius  use  equation  (2)  giving  /  its  value  corresponding  to  the  radius. 
It  is  to  be  observed  that  equation  (2)  is  for  a  plane  curve  and  the 
values  of  y  must  be  measured  on  the  arc  and  projected  back. 

Having  the  athwart-ship  projection  of  both  the  leading  and  trailing 
edge  we  may  take  the  radius  r^,  such  that  the  included  area  shall  equal 
the  required  area,  viz. :  A.  If  r^  has  been  already  found  by  equation 
(3)  the  labor  of  measuring  the  area  is  avoided. 

In  the  preceding  discussion  two  constants  occur  which  are  to  be 
found  by  experiment,  viz. : 


/'F'F„2  +  (2  7rnar02 

and  e  =  ^'^>VMT^o^+(2;rnarO^) 

^  R 

We  may  obtain  roughly  approximate  values  for  these  by  reference 
to  examples  of  the  common  screw  in  practice. 
The  values  to  be  found  are 

R  1     r,  17—    T7 

7J,=  — and/'—     » 


A  2x^ 
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The  following  data  is  obtained  from  the  Report  of  a  Board  of  U.  S. 
Naval  Engineers.* 

The  propeller  used  was  a  Department  screw  of  the  following  dimen- 
sions : 

Diameter,  5  ft. ;  pitch,  7*5  ft.  at  the  boss,  and  8'625  ft.  at  the 
periphery;  fraction  of  pitch,  Clinches;  helicoidal  area,  7*3  sq.  ft. 
The  projected  area,  as  measured  by  myself  from  the  scale  drawingf  in 
the  Report,  was  5"  2  sq.  ft. 

The  following  table  gives  mean  results  of  trials  on  April  lst,[^2d, 
and  3d,  1880. 


o 

S)  S 

c  fl 

.S"s 

B'S 

It 

.  o-oj 

3  — 

^  . 

^  o. 

an 

S     So 

l  =  S 

stance    i 
by  screw 
knots. 

Ip  of  Sere 
per   cent 
Its  speed 

peed   of  s 
In  knots 
hour. 

ross  IHP 
pressure 
mder. 

ross  IHP 
pressure 
Inder. 

otal    Gro 
IHP. 

Horse-pow 
required 
give  a  sp 
of  ten  kn 

< 

fi 

03 

OQ 

O 

O 

H 

153-39 

14-708 

15.493 

11-015 

64-0826 

37-1259 

101-2084 

70-76 

The  resistance  of  the  vessel  is  not  given  in  the  report,  but^we  may 
probably  find  it  by  the  formula 

„      0-6  IHP  X  33000  I 
u  =  _ — -_ 

pitch  X  revs,  per  mm. 

By  this  we  find  i^  =  1344-7  lbs. 

From  the  Table  we  have  F„  =  18*57  ft.  per  second,  and  F^  =  24*85 
ft.  per  second,  x^  =  0-513  and  this  is  the  same  from  root  to  tip. 

Then  we  have  »'  =  —  =  1511:1  =  257*6  lbs.  per  sq.  ft. 
A  5-2 

T7—  F/       617-5  — 344-85       n^r -7  ^ 
y  =  _J 2-  = . .  =  265*7  ft.  per  sec. 


2x^ 


1-026 
V' 


=  0-0274 


/'l/F/  +  (2  7rnar,f 
which  involves  the  assumption  that  a  ^  f . 


*  Report  of  a  Board  of  U.  S.  Naval  Engineers  of  Experiments  made  on 
the  Fish  Comm'ssion  Steamer  "  Lookout,"  November  24,  1880. 
t  See  Plate  II. 
%  This  is  based  on  Froude's  experiments.     See  Engineering,  vol.  21,  p.  463. 
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Further,          G  =  k}    T^  +  (2  ;r  w  a  r.f  =  6-28 
hence  k  =  ^'^^ =  0-18 

and  <p  =  nkr,^lV,^  +  {2nnar,y]  _  2-7 

The  value  of  (f  will  be  eifected  by  the  diameter  of  the  boss,  but  as 
the  part  of  the  blade  near  the  root  does  very  little  work,  it  will 
scarcely  be  worth  taking  into  account. 

RECAPITULATION, 

In  designing  a  wheel,  when  R  is  given,  the  following  quantities  are 
either  determined  by  other  considerations  or  a-ssumed : 

Revolutions  per  second,  n. 

Slip  in  feet  per  second,  Fj  —  Fj,  =  G. 

Acceleration  in  feet  per  second,  /. 


When  /  and  G  vary  with  the  velocity,  V  V^^  +  ly,  the  quantities 
to  be  assumed  are  m  and  k. 

The  intensity  of  thrust  at  the  centre  of  effort  is  found  by  the  for- 
mula 


p'=fM=f  ,9  y  V,'  +  (2  ;r  n  a  r,f 

or  for  Case  4  when f  z=zm\V^-  -\-  ly) 

/=.m/9[Fo2  +  (2;rwari)2]^ 

in  which  a  is  the  ratio  between  the  radius  to  the  centre  of  effort  and 
the  radius  to  the  periphery. 

The  radius  of  the  wheel  is  to  be  found  graphically,  the  projected 
area  and  all  other  quantities  involved  being  known.  The  projected 
area  is  found  by  the  formula 

P' 

The  radius  of  the  wheel  in  Case  4  may  be  found,  when  f  is  known, 
by  the  formula 

All  sections  made  by  cylindrical  surfaces  having  axes  coinciding 
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with  that  of  the  wheel,  are  curves  which,  wheu  developed,  are  repre- 
sented by  equation  (2)  as  follows : 

y  =  {H+h)  (^—  tan.-i  X)  +  X{H-\-  x) 

in  which  H  =   li-;  h  =  ^; 

2/  2/ 


K  =  tan.-'  ^  —      ""'^^o      ;  X  '^ 


=^): 


We  have  also  the  relation 

2/a.,=  T7-T7 
in  which  x^  is  the  abscissa  to  the  point  in  the  trailing  edge. 
In  Case  4,f=  m{V^'  +  v^)  ■   G  =  V,  -  V,  =  k  l^Vf^'; 

H-\-h   = ;  and /j  =  — 

2  m  m 

EFFICIENCY. 

I  have  considered  loss  of  energy  to  be  due  to  friction,  slip,  and  edge 
resistance.  In  discussing  the  loss  by  slip  this  term  will  be  used  to 
indicate  the  total  actual  yield  of  the  water,  and  not  simply  its  longi- 
tudinal component.     Only  one  case  will  be  discussed,  viz..  Case  4,  in 

which /=  m  (T7  +  V,')  and  G  =  k  V  T^  +  v^. 

The  resistance  by  friction  varies  directly  as  the  surface  and  as  the 
square  of  the  velocity.  Therefore  if  K  represent  the  resistance  of  a 
unit  of  surface  at  a  unit  velocity,  the  resistance  for  an  elementary  band, 
\  d  r,  will  be 

Kkdr{V,^  +  v,^) 

and  the  loss  of  work  per  second  will  be  thus  multiplied  by  the  velocity 
|/  T^^  4-  t;/,  which  will  give  us,  for  both  face  and  back  of  blade, 

2Kl,dr{V:  +  v„'f 

The  integral  of  this  between  the  limits  7\  and  r^  will  give  us  the 
whole  loss  per  second  for  one  blade.     Call  this  loss  F.     Then  since  l^ 

is  constant      F=2Kt,  Jj}  (  T7  +  (2  ;:n  ry\  ^'  d  r 

=  2Kl,\^^  {v^'  +  {27:nryy  +  f  V^'  [r  V  V^' -}- {2n  n  rf 

-t-  _!Z  hyp.  log.  I  r   +  \-^   +  ^  I  "i  T' 
27:n    ^^      ^\  ^^TT'n'  J/Jr, 
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The  resistance  by  friction  of  such  a  surface  as  a  smooth  propeller 
blade  is  1^  pounds  per  square  foot  at  ten  knots  per  hour,  and  it  varies 
as  the  square  of  the  speed  nearly.*     Whence  we  find  that  the  resist- 
ance per  square  foot  at  the  velocity  of  one  foot  per  second  is 
K  =  0-00438  lbs. 

The  loss  of  energy  by  slip  \vill  be  proportional  to  the  square  of  the 
velocity  impressed  upon  the  water  during  its  contact  with  the  blade. 
Consider  the  blade  stationary  and  the  water  in  motion  so  as  to  preserve 
the  same  relative  conditions. 

i 


Let  A  B  represent  the  motion  of  the  water,  both  in  direction  and 
velocity,  at  the  leading  edge ;  and  let  A  C  represent  its  motion  at 
the  trailing  edge.  AB  and  A  Care  equal,  for  the  velocity  of  the 
water  relative  to  the  blade  is  not  changed  by  contact  therewith  •  the 
direction  of  motion  only  Ls  changed.  B  C,  then,  represents  the  change 
produced  in  the  motion  of  the  water,  both  in  volocity  and  direction. 

How  the  energy  lost  by  slip  is  that  which  is  stored  in  the  yielding 
fluid.  The  general  expression  for  it  is  \  M  V"^;  from  which  it  appears 
that  the  amount  of  lost  energy  is  proportional  to  the  square  of  the 
velocity  impre&sed,  that  is,  to  B  C^. 

The  mass  acted  upon  is  proportional  to  1^  T^  +  t'o^-  We  may  then 
write  for  the  loss  of  energy  by  slip  per  second  for  an  elementary  band 


-I-  fy-  .  B  C'-  dr, 
and  for  the  whole  blade,  letting  L  represent  the  tota 


loss. 


L=  cf'''  B  CV  F.=»+  (2  i:nrf  .  dr. 


*  Froude  in  Seaton's  Manual  of  Marine  En^jrineedng,  p.  288. 
Whole  No.  Vol.  CXVI.— (Third  Series,  Vol.  Ixjcxvi.) 
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In  this, 


J^C''=  AB^  +  AC  — 2  A  B.AC. COS.  B  A  a 

=  2  ( F/  +  <)  {  1  -  COS.  [tan.  "^  ^^  -  tan  -  ^^^]  } 

=  2  ( F,^  +  t'o')  -  2  F,  VvJ  :^~y~x,  -  2 1;^  vl^^y^, 

=^  2  ( T-  +  .„^)  -  2  T;  T^,  -2  !,„  l/t^o^-F.^^  Y} 
Developing  the  last  term  by  the  Binomial  Formula, 

/,,  3      (Y"^ V^W  — 17  — -^ ^ ^^^^ — — -- ^^-^ — —'etc 

Taking  the  first  three  terms  of  this  as  sufficiently  exact  for  our  pur- 
pose, we  have  ' 

(V2 y2\i 

whence 

:B^  =  2  17  +  2i7-2  i;  F,-2t,,^+  y^2_y,^ivi^vif 

■  But  F,  =  (?  +  t;  =  k  i/l7+~t7  +  n 


^2^,.(T7  +  V)  +  £^^^^^«^^  +  '''^«^    '^^'""'^^ 


4  V 


which,  expanded,  becomes 


U   yi  U    1'2  7.4,,  2 

..2  ~r      „  2      ' 


Substituting    this    value  of    B  C^   in    our   original    equation,  and 
arranging  terms,  we  have 

L  =  cl^j\dr{V,'  +  t7f  K^(l  +  \k')  +  -^^(1  +  W+  ■ 
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•  Integrating,  we  have  for  the  loss  of  energy  by  slip  per  second  for 
one  blade, 

i  =  c  F  [l+jii!(  r-  _^J (  T7  +  (2  .  „  ,.)0*    + 
\  /  It:  n 

(-  +  >l£^')  +  r„ .  (2  T>  +  J  ^  „'  .^  -  _jiL.)];;' 

The  edgeway  resistance  of  the  blade  varies  as  the  square  of  its  ve- 
locity and  as  its  thickness.  If  we  assume  the  latter  to  vary  inversely 
as  the  radius,  and  let  T  represent  the  total  loss  per  second  due  to  this 
cause,  we  may  write  at  once 

T=d  f^i(T7  +  ./)t   dr 

rohyp.iog./»&JpI2^nn^. 

^  2  t:  n  r-  J  -1^2 

I  have  no  data  at  hand  by  which  to  determine  the  value  of  the  con- 
stants c  and  d. 

Calling  the  efficiency  E,  and  the  energy  transmitted  to  the  wheel 
per  second,  W,  we  have 

W —  2'  losses 


E  = 


W 


=  l-f^[F-^L-^T:\  (5) 

N  being  the  number  of  blades. 

These  expressions  for  the  losses  apply  only  to  the  case  assumed,  viz. : 
thdt  in  which 


/=  m  ( 17  +  i7)  and  G  =  kV  V^  ^  v^ 
In  a  propeller  wheel,  that  part  of  the  blade  which  is  nearer  the  hub 
is  inefficient  on  account  of  lateral  slip,  while  that  part  which  is  near 
the  periphery  is  inefficient  on  account  of  friction,  I  have  therefore 
assumed  G,  the  longitudinal  slip,  to  diminish  from  the  periphery  to 
the  hub,  in  order  to  lessen  the  amount  of  work  done  at  an  inefficient 
part  of  the  blade  ;  and  have  taken  /  as  increasing  from  hub  to  periphery 
in  order  to  avoid  too  great  a  width  at  the  latter.     The  edges  should  be 
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sharpened  from  both  face  and  back,  and  it  would  be  advisable   to 
round  the  corners  as  is  done  in  ordinary  practice. 
I  will  now  consider  briefly,  the 

PROPELLER  WITH  GUIDE  BLADES. 

The  primary  object  of  guide  blades  is  to  prevent  loss  by  lateral  slip. 
They  give  an  additional  advantage,  however,  by  increasing  the  effi- 
ciency of  the  central  part  of  the  wheel,  so  that  for  a  given  thrust,  a 
smaller  diameter  may  be  used  than  with  the  common  wheel. 

The  guide  blades  should  be  placed  behind  the  propeller.  It  would, 
perhaps,  be  better  to  place  them  in  front  of  the  wheel,  if  we  considered 
only  the  action  while  going  ahead ;  but  when  going  astern  this_arrange- 
ment  would  be  very  ineffective. 

In  applying  the  method  of  the  previous  discussion  we  have  but  to 
take  G  constantand/=ml/F„2  +  v^.  The  guide  blade  should  be 
constructed  in  the  same  way  as  the  propeller  blade,  using  for  Vq  the 
lateral  slip,  found  thus  : 

By  equation  (4)  we  have 

2  (y2  y2\2 

B  C   .=  G^  +  \-Ll L-i- 

This  last  term  must  represent  the  lateral  slip  B  D,  figure  4 ;  hence, 


BD 


_  T7  -  V 


2^0 

In  case  the  guide  blades  are  placed  before  the  wheel,  the  initial 
whirling  velocity,  v^,  of  the  water  relative  to  the  wheel,  would  no 
Ioniser  be  the  velocity  of  the  latter,  but  would  be  this  velocity  plus  the 
velocity  imparted  by  the  guide  blade.     That  is 

V^ V^ 

V  =2ixnr  +  BD=2Tcnr  +  Jj !^ 

whence 


A  comparison  between  the  efficiencies  of  the  guide  blade  propeller 
and  the  common  wheel  reduces  itself  to  a  comparison  between  the 
lateral  slip  of  the  common  wheel  and  the  excess  of  friction  of  the  guide 
blade  wheel  over  the  common  one.  The  frictional  loss  is  found  in 
both  cases  by  the  formula  for  F,  which  applies  to  any  blade  of  constant 
width.  If  the  guide  blade  wheel  is  enclosed  in  a  cylinder,  the  friction 
of  this  also  is  to  be  taken  into  account. 
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For  the  lateral  slip  we  have  : 

Loss  of  energy  per  second  by  lateral  slip  for  one  blade 

D=  C  f"^^!  nliVvf-fV}.  dr 
4 
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dr 


T^r  (2  ¥  +  6)(t7  +  (2  Fnr)^)-  +(^  F+G^hyp.  log.(r+ 

JjZr7^)+  4  h  T;(2  T7r  +1  -n^.3_^o^     YV^ 
\  ^  -J.2  ^2    '       /  \  4  ~  »r  r  /  J '  2 


"which  applies  to  a  wheel  having  the  conditions  of  case  4.  This 
expression  involves  also  the  loss  by  centrifugal  action,  which  in  the 
guide  blade  wheel  can  be  counteracted  by  a  proper  adjustment  of  the 
guides. 

If  F^  and  F.^  represent  the  fractional  lo.sses  of  the  common  and 
and  guide-blade  wheel  respectively,  then  a  comparison  between  D  and 
(jPj — F^  will  determine  the  relative  eflficiency. 


Fig.  o 


Fiff.  6. 


Fig.  5  shows  a  wheel  designed  by  the  method  of  Part  II  with  the 
conditions  of  Case  4.  It  is  calculated  to  exert  the  same  thrust  as  the 
wheel  shown  in  Fig.  6,  which  is  a  U.  S.  Navy  Department  wheel. 

Iloboken,  N.  J.y  June,  1883. 
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NOTE  ON  CENTRIFUGAL   FORCE   IN   TURBINES. 


By  R,  H.  Thueston. 

[American  Association  for  Advancement  of  Sci'ence,  August,  1883.] 


A  note  by  Mr.  J.  P.  Frizell  (Journal  of  the  Franklin  Insti- 
tute for  June)  especially  interests  the  writer,  as  he  has,  recently, 
also  noted  the  same  defect  in  the  accepted  theory.  It  is  so  obvious 
as  to  require  no  proof  that  centrifugal  force,  even  where  it  is  neces" 
sarily  considered  at  all,  depends  for  its  measure  upon  the  actual  rota- 
tion of  the  mass  of  fluid,  and  not  at  all  upon  the  movement  of  the 
wheel,  except  so  far  as  the  latter  controls  the  former.  In  water-wheels, 
the  two  rotations  are  very  different  in  their  angular  measures. 

Plotting  the  path  of  the  water  in  space,  it  will  often  be  found  that 
the  line  is  so  nearly  rectilinear  that  the  action  of  this  force  may  be 
neglected  as  unimportant  in  practice.  This  is  probably  the  case,  for 
example,  in  the  Vallet  wheels.  In  the  Whitelaw  turbine,  or  "  Scotch 
reaction  wheel,"  as  it  is  sometimes  called,  the  spiral  form  given  the 
arms  may  often  be  given  such  proportions  that  the  path  of  the  water 
may  be  nearly  a  straight  line  to  the  exit,  and  centrifugal  force  thus 
rendered  so  small  that  it  may  be  neglected  in  the  theory  of  that  wheel. 
The  writer  has  been  interested  in  noting  how  much  this  method  of 
treatment  simplifies  the  theory  of  turbines,  and  how  much  more  nearly, 
in  some  cases,  the  results  accord  with  experiment.  In  the  last  form  of 
wheel,  for  example,  the  expression  for  maximum  efiBciency  becomes 

E= — ^^. 

and  the  speed  of  maximum  efficiency  becomes  such  that  the  orifice 
moves  with  the  velocity  due  the  head.  The  maximum  effort  is  exerted, 
as  it  should  be,  when  the  wheel  is  held  fast,  and  the  effort  becomes 
zero,  when  the  speed  of  orifice  becomes  twice  that  velocity. 

For  the  common  case,  in  Avhich  the  velocity  of  rotation  of  the  water 
is  a  maximum  at  its  entrance  into  the  wheel  from  the  guides,  and 
becomes  zero  at  exit  from  the  wheel,  varying  in  the  interval  by  a 
uniform  retardation,  we  have,  when  v^  is  the  entering  "whii^l,"  r^  and 
r,  are  the  two  radii  of  the  wheel,  and  rg  =  nr^; 

r 


n 


To  —  r 
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the  work  clone  by  or  against  centrifugal  force  is 
W= — ^    I       '—dr; 

--Y'  -{n-iyJr,      V       rj    r' 

i\-       2  n^  logt  n  —  4  n  {n  —  1)  +  )i^  —  1  - 

=  ^^2g  o^-^iy  ~ 

Applying  this  to  the  outward  flow  wheel'of  the  Fourneyron  type^ 
having  uniform  radial  flow,  it  is  found  that  the  effort  due  centrifugal 
force  is  about  one-quarter  the  head  due  the  velocity  of  entering  whirl ; 
but  this  velocity  is  that  due  to  about  one-third  the  total  head,  in  this 
particular  example,  and  it  follows  that  the  accelerated  flow  is  not  far 
from  one-half  that  predicted  by  the  usual  theory,  and  is  not  very  far 
from  what  Mr.  Frizell  gives  as  the  results  of  Mr.  Francis'  experiments, 
and  if  the  energy  is  given  a  uniform  decrement,  /.  e.,  di^  =  constant 

and  dr  <x  — ,  for  which  case,  f  (71)  = ^^- ^^ ,  the  corres- 

2  r  n  —  1 

correspondence  is  almost   exact,  a  coincidence,  possibly,  however,  as 

the  writer  has  not  investigated  that  particular  case. 

It  thus  becomes  evident  that,  in  the  general  equation  of  efficiency 
for  wheels  of  uniform  radial  flow,  for  which  the  writer  gets  the 
expression  below,  the  functions  representing  this  force  may  take  the 
place  in  the  formula  there  given  them,  and  that  the  theory  of  the  tur- 
bine, thus  modified,  is  a  much  more  manageable  one  in  application 
than  that  previously  held. 

The  general  equation  is,  as  derived  bv  the  writer, 

(n^-f-l)(2ar.r.-a'7v)-/(n)r,^ 

~  n'  i^  sei^  ^  +  2  a  r,  v,  —  a?  r;'  —f{n)  ly  ^  /(/jr^^ 
when  the  angular  velocity  is  denoted  by  a  and  the  coefficients   for 
centrifugal  force  and  for  friction  are  taken  constant,  as  they  may  be  for 
any  one  class  of  wheel,  as  ./'(")  and  fi-^),  the  delivery  angle  of  the 
wheel  beinir  f). 

At  the  best  speed,  r,  =  a  i\;  and 

_  (n^-,   l)-/(n) 

^-n^..c^^  +  !-/(«)+/(/)' 
"which  becomes  unity  wlien/(/)  =  0  and  6  =z\.     It  is  seen  that  the 
value /(")  appearing  in   both  mimemtor  and  denominator  affects  effi- 
ciency but  little,  since  the  exj)rossion  is,  for  good  wheels,  nearly  unity. 

Hoboken,  July  31,  1883. 
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PREVENTION  OF  DUST   EXPLOSIONS  AND   FIRES  IN 

MALT  MILLS. 


By  C.  John  Hexamer. 

[Read  at  the  Stated  Meeting  of  the  Franklin  Institute,  June  20, 1883.] 

In  consequence  of  the  lateness  of  the  hour  at  which  I  spoke,  and  not 
having  satisfactory  drawings  prepared  at  the  time,  I  did  not  explain 
my  automatic  devices  (for  closing  communicating  openings  between  the 
mill  house  and  the  brewery,  and  for  turning  on  live  steam  and  a  sup- 
ply of  water  automatically  by  an  explosion  or  fire)  in  my  paper  on 
"  Dust  Explosions  in  Breweries,"  read  before  the  Institute,  January 
17th,  1883,  and  published  in  the  Journal  for  February. 


Without  taking  your  valuable  time  for  a  recapitulation  of  what  I 
then  said  concerning  the  hazards  of  malt  mills,  I  will  ask  your  kind 
attention  to  Fig.  1,  which  represents  a  vertical  section  of  the  mill  room ; 
the  heavily  shaded  sections  on  the  extreme  right  and  left  represent  the 
walls  of  the  mill  building;   I  the  influx  pipe  of  the  grain  as  it  comes 
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from  the  cleaners;  J/ the  mill  box,  containing  a  feeding  device  g  and 
<• ;  R  R  the  crushing  rolls;  /a  live  steam  supply  pipe  with  openings 
o,  o,  0,  0,  into  the  mill  box ;  E  tiie  exit  or  grain  discharge  pipe ;  G, 
Cthe  discharging  apparatus,  above  which  is  shown  a  plenum  of  ground 
malt ;  /  a  gate  attached  to  the  lever  L  by  the  rod  r' ;  V  a  large  vent 
pipe,  extending  from  the  mill  box  through  the  wall  to  the  outside  of 
the  building,  closed  by  the  capping  Z;  Ta  water  pipe  with  sprinkler 
openings  t,  t ;  E[  a,  hose  attached  to  the  water  pipe. 

Having  pointed  out  the  principle  parts  of  the  mechanism,  I  will 
now  describe  its  method  of  working,  and  will  begin  with  the  grain  as 
it  leaves  the  cleaners  and  enters  the  mill  box,  until  it  leaves  the  mill 
room  and  enters  the  elevator,  which  is  situated  outside  of  the  mill 
room  beyond  the  wall  to  the  left  and  discharge  pipe  E,  which  com- 
municates with  it. 

The  grain  from  the  cleaners  enters  the  influx  pipe  /,  and  rolling 
down  the  pipe  it  passes  over  sieve-like  perforations  in  tiie  l)ipe,  causing 
dust  and  foreign  particles  smaller  than  the  malt  grains  to  drop  through 
the  small  openings  in  the  pipe  into  an  inclosed  dust  chamber  //;.  The 
grain  then  passes  over  a  powerful  magnet,  not  siiown  in  the  figure 
(which,  however,  is  not  a  part  of  my  invention),  cleaning  it  of  the 
iron  and  steel  particles  it  may  contain.  It  now  entei's  the  feeding 
apparatus  c,  g.  The  grain  is  then  fed  into  the  gearing  rolls  R,  R, 
held  together  by  powerful  springs  shown  on  the  outside  (left  side)  ot 
the  mill  box  ;  the  reasons  for  using  these  I  fully  exj)lained  in  my  last 
paper.  The  crushed  grain  accumulates  in  the  receiving  hopper  and  is 
discharged  by  the  discharger  C,  G.  As  many  present  may  not  have 
heard  my  explanation  at  the  January  meeting,  I  will  briefly  repeat 
the  reasons  for  the  introduction  of  the  feeding  and  discharging  device 
which  otherwise  might  to  many  seem  but  an  unnecessaiy  complication. 

The  great  danger  in  malt  mills  is  that,  in  case  of  an  explosion,  the 
explosive  force  and  fire  are  not  confined  to  the  mill  only,  but  run  from 
the  mill  into  tlie  elevator,  and  from  there  are  distributtnl  to  the  adjoin- 
ing brewery  buildings.  To  check  the  force  and  fiie  of  an  explosion 
we  must  put  a  barrier  between  the  mill  box  and  the  elevator.  This 
<!an  best  be  accomplislied  by  placing  a  receiving  liopper  l)elow  the  rolls, 
kept  well  filled  while  the  mill  is  in  operation,  and  from  this  hopper 
feed  into  the  elevator  cups.  We  thereby  have  a  barrier  of  meal  be- 
tween the  elevator  and  the  mill,  a  barrier  almost  as  efl'ective  as  one  of 
sand.     But  the  important  point  in  this  case  will  be  to  keep  the  hopper 
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well  filled,  for  a  hopper  which  is  not  full  merely  acts  as  a  conduit  and 
not  as  a  barrier  to  an  explosion.  In  order  that  the  attendant  of  a  mill 
shall  not  be  relied  upon,  the  receiving  hopper  should  be  kept  filled 
automatically.  For  this  purpose  I  suggested  the  following  device, 
shown  in  the  accompanying  cut  (Fig.  2) ;  a  device  w'hich  was  not  a  ncAV 
invention,  but  an  adaptation  of  something  well  known,  for  a  new  pur- 
pose.    A  "feeder"  for  grain  mills  used  for  a  longtime  in  Germany  is 

Fisr.  2. 


shown  in  the  cut,  e  and  e^  being  the  rolls  of  the  mill,  n,  n,  being  the 
mill  box,  while  G  is  the  spout  ordinarily  leading  into  the  elevator 
boot ;  in  mills  properly  constructed,  into  a  receiving  hopper  ;  c  is  a  roll 
of  wood  usually  covered  with  a  covering,  and  teeth  d  of  steel  project- 
ing from  2  to  3  millimeters,  we  propose  to  use  a  covering  and  teeth  of 
copper,  phosi)hor  bronze,  or  some  other  metal  which  will  strike  no 
sparks ;  /  is  an  inclined  plane  of  metal  with  sieve-like  perforations 
large  enough  to  allow  dust  to  drop  through  them  ;  A  is  a  gauge  which 
regulates  the  flow  of  grain  on  to  the  feeding  roll  c;  l^  is  a  "dust 
chamber,"  which  may  be  made  of  any  size,  and  which  may  be  cleaned 
out  through  the  door /u;   k  is   the   receiving  block  of  wood  covered 
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with  copper,  and  at  a  distance  of  1"9  millimeters  from  the  teeth  of  the 
feeding  roll.  The  operation  of  this  feeder,  which  is  a  Belgian  inven- 
tion, and  which  has  been  used  with  great  success  in  Germany,  is  very- 
simple.  The  grain  after  passing  through  a  cleaner  drops  on  to  the 
incline,  is  there  separated  from  any  remaining  dust ;  and  is  then  allowed 
to  run  in  a  thin  stream — regulated  by  the  gauge — on  to  the  receiving 
block,  where  it  is  fed  into  the  mill  by  the  revolution  of  the  feeding 
roil.  We  propose  to  utilize  this  invention,  modified  as  above,  to  keep 
our  receiving  hopper  at  all  times  full.  The  crushed  grain  .  instead  of 
falling  directly  into  the  elevator  cups  on  leaving  G,  will  fall  into  a 
receiving  hopper,  from  which  a  pipe  or  incline  (without  perforations) 
leads  the  meal  past  a  gauge,  on  to  a  feeder  as  described  above,  from 
which  it  passes  in  a  thin  stream  into  the  elevator.  On  setting  up  a 
mill  the  relative  points  for  both  gauges  will  be  determined,  the  grain- 
fealer  and  the  mill  will  be  set  in  motion  while  the  dischdiycr  will  re- 
main at  rest  until  the  receiving  hopper  is  filled,  when  it  will  also  be 
set  in  motion  ;  this  operation  will  be  performed  by  the  erecting  ma- 
chinist; for  after  the  first  grinding  the  receiving  hopper  will  always  be 
full,  as  the  grain  will  be  fed  in  just  as  rapidly  at  the  top  as  the  meal 
is  discharged  at  the  bottom.  The  only  case  in  which  the  receiving 
hopper  could  l)ecomc  empty  is  one,  which  would  very  rarely  occur  in 
a  well-conducted  brewery;  that  is  when  the  mill  is  running  while  no 
grain  is  on  the  incline.  AMien  this  does  occur,  the  above-described 
process  must  be  repeated. 

Having  explained  the  ordinary  working  of  the  mill,  which  is  con- 
tained in  a  strongly-built  brick  building,  with  a  brick  arched  floor 
and  ceiling,  the  discharge  j)ipe,  which  passes  through  the  brick  and 
iron  floor,  being  made  of  thick  and  strong  iron,  so  as  to  withstand 
great  shocks,  let  us  consider  the  operation  of  the  device  under  extra- 
ordinary circumstiuices.  Let  us  suppose  that,  either  by  the  striking 
uf  a  spark  or  frictional  heat,  an  explosion  is  caused  in  the  mill  box 
(explosions  and  fires  almost  invariably  originate  in  the  mill  box  at  the 
rolls).  The  tendency  of  all  explosions  or  pent-up  forces  is  to  seek  the 
easiest  means  of  exit,  and  would  in  tiiis  case,  in  all  probability,  pass 
out  through  the  large-sized  vent  pipe  V  (Fig.  1),  knocking  out  the 
capping,  Z.  Fig.  3  shows  an  enlarged  section  of  the  vent  pipe  and 
arrangement  of  the  capping.  Tlic  cap  Z  c<»nsists  of  a  hood  similar, 
only  larger  in  size,  to  the  caps  used  in  summer  to  close  up  stovepipe 
holes.     To  this  «ip  is  attached  a  rod  Q,  which  connects  the  cai)s  with 
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a  key  x,  fitting  into  the  slotted  support  y,  which  passes  through  an 
opening  in  the  bottom  of  the  ventpipe.  The  key  and  its  slotted  holder 
will  be  made  either  of  a  certain  variety  of  vulcanized  rubber,  with 
which  I  am  at  present  experimenting,  or  of  boxwood  soaked  for  a 
time  in  oil.  The  cap  being  knocked  off,  the  rod  Q  would  dislodge 
the  key  x;  the  support  y  would  pass  through  the  slit  in  the  vent 
pipe,  and  the  lever  X,  supported  by  the  rope  Xx,  would  be  released 
and  drop.  The  lever,  which  is  weighted  at  the  point  of  contact  with 
the  rope  x,  has  its  fulcrum  at  w  (Fig.  1),  where  it  is  attached  to  the 

Fiff.  4. 


wall.  In  falling,  the  lever  carries  with  it  the  rod  r" ,  which  is  con- 
nected as  shown  in  Fig.  1  with  the  cock/'  of  the  water  supply  pipe  T, 
and  by  falling  turns  on  the  water,  which  rushes  into  the  sprinklers 
t,  t  and  hose  H.  The  lever  L  also  carries  with  it  the  rod  r' ,  connected 
with  the  cock  /  of  the  life  steam  supply  pipe,  turning  on  the  steam, 
which  rushes  into  the  mill  box  through  the  numerous  openings  o,  o,  o. 
At  the  same  time  a  strong  rod  r' ,  attached  to  an  iron  gate  /,  is  forced 
down,  cuttin<r  off  all  communication  between  the  mill  room  and  the 
elevator   in   the  adjacent  brewery.     This  gate,  on    falling,  will   meet 
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with  no  serious  obstacles  from  crushed  grain  jn  the  pipe  at  this  point, 
as  the  grain  is  only  discharged  in  a  thin,  regular  stream  by  the  dis- 
charger G  C. 

The  result  of  all  this  is  shown  in  Fig.  4.  The  steam  is  rushing 
into  the  mill  box;  the  water  is  turned  on;  the  hose  and  sprinklers  are 
in  operation ;  the  gate  is  shut,  etc. 

An  explosion  would  not  likely  find  an  exit  in  the  supply  pipe  1, 
as  this  is  securely  closed  by  the  wheel  c,  the  strong  gauge,  h  and  a 
plenum  of  malt  I  (Fig.  4),  while  the  effect  of  an  explosion  on  the  exit 
pipe  E  (Fig.  1)  would  be  to  pack  the  crushed  malt  more  tightly,  form- 
ing a  more  impenetrable  barrier  than  before,  as  is  the  case  in  the  well- 
known  experiment  of  "  a  funnel  filled  with  siuid." 

But  let  us  suppose  that  the  mechanism  does  not  work  as  we  antici- 
pated. Let  us  suppose  that  the  capping  is  rusted  fast ;  that  the  key 
sticks,  or,  as  has  just  been  suggested  by  one  of  the  members,  that  the 
explosion  does  not  follow  out  the  easy  path  I  have  made  for  it,  but 
knocks  the  strongly-built  mill  box  to  pieces,  what  will  occur?  In 
this  case  the  fire  will  not  be  as  readily  smothered  as  would  have  been 
the  case  under  the  first  supposition,  when  it  would  have  been  "  nipped 
in  the  bud."  But  the  heat  in  the  mill  room  w^ould  soon  rise  to  a  con- 
siderable temperature,  and  on  reaching  150°  Fahrenheit,  would  melt 
the  fusible  solder  catches  which  join  the  different  sections  of  the  rope,* 
X,  X  (Fig.  3),  V  being  one  of  them  greatly  exaggerated ;  the  lever  L 
would  fall,  and  the  mechanism  would  work  as  well  as  in  the  first  case 
described.  Let  us  make  the  very  improbable  supposition  that  the 
fusible  catches,  by  some  unforseen  accident,  will  not  operate.  In  that 
case  the  flames,  which  spread  very  rapidly  throughout  the  finely- 
divided  dust  in  the  room,  would  soon  reach  the  portion  of  the  rope 
X,  X,  above  the  floor.  This,  which  is  prepared  especially  inflammable, 
would  rapidly  burn  through,  and  the  mechanism  operate  as  before. 

So  that  the  building  may  not  be  flooded  and  filled  with  steam  after 
the  fire  is  extinguished,  there  are  cocks  (not  shown  on  the  figure)  on 
the  supply  pipes,  placed  belpw  the  automatic  cocks,  by  which  tlie 
water  and  steam  may  be  turned  off  until  the  apparatus  is  repaired. 
That  no  ignorant  or  malevolent  employe  may  turn  these  oft",  and  thus 
throw  out  the  supply  of  the  automatic  system,  the  lower  cocks  are  so 
arranged  that  they  cannot  be  turned  unless  the  lever  L  has  fallen. 

*  The  rope  consists  of  sniall,  extremely  inflummable  prepared  sections, 
held  together  by  fusible  catches. 
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-  Instead  of  steam,  a  supply  of  carbonic  acid  gas  might  be  turned  on 
automatically  in  the  same  manner ;  but  as  it  would  be  more  costly 
and  troublesome  to  keep  a  supply  of  this  on  hand,  it  is  preferable  to 
use  steam,  especially  as  there  must  always  be  a  supply  of  steam  in  the 
boiler,  while  there  is  danger  of  an  explosion  or  fire — that  is,  while  the 
mill  is  running. 

In  reply  to  a  question  of  one  of  tlie  members,  I  will  also  state  that 
the  iron  gate  /  has  only  been  introduced  as  another  factor  of  safety, 
for  as  long  as  the  mill  is  properly  operated — that  is,  as  long  as  the 
receiving  hopper  is  kept  full,  the  crushed  grain  will  form  a  perfect 
barrier  to  all  explosions.  It  is  only  where  Lhe  mill  has  been  carelessly 
allowed  to  run  without  feeding  and  grinding,  and  the  hopper  has  thus 
become  empty,  and  not  being  refilled  at  the  next  grinding,  an  occur- 
ring fire  would,  by  the  automatically  closing  gate^  be  prevented  from 
entering  the  adjoining  brewery  building  through  the  exit  pipe  E 
(Fig.  1).  ■  __ 

THE   GREEN   MOUNTAIN   RAILWAY.* 


The  leading  attraction  which  Maine  has  to  offer  her  summer  visitor 
the  present  season  is  her  mountain  railway — from  the  shore  of  Eagle 
Lake  to  the  summit  of  Green  Mountain,  on  the  Island  of  Mount 
Desert. 

Several  weeks  since,  we  promised  our  readers  a  more  detailed  de- 
scription of  this  railway  and  its  leading  features  of  construction 
than  had  been  given  to  the  public,  as  the  fact  of  its  being  the  second 
cog  railway  in  this  country  and  the  third  ever  in  existence  has  made 
the  work  one  of  more  than  ordinary  interest. 

The  survey  for  the  Green  Mountain  Railway  was  made  in  December 
and  January,  1882-3,  by  Mr.  Alden  F.  Hilton,  formerly  Engineer  of 
the  European  &  North  American  Railway.  The  mountain  at  the  time 
was  covered  with  snow  and  ice,  and  during  the  entire  progress  of  the 
survey  the  mercury  indicated  nothing  above  a  zero  temperature,  and 
was  some  of  the  time  eight  degrees  below.  The  point  first  selected  turned 
out  to  be  the  very  best  location  on  the  whole  mountain  and  was  fol- 
lowed in  the  construction  of  the  line,  as  was  also  the  whole  general 
plan  proposed  by  Mr.  Hilton.     He  was  called  away,  however,  on  the 

*  Abstracted  from  the  Mining  and  Industrial  Journal,  Bangor. 
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Megantic  survey,  and  Mr.  Warren  Nickerson,  of  Orrington,  was  em- 
ployed as  constructing  engineer,  under  whose  supervision  the  entire 
work  of  construction  was  performed. 

THE     ROADAVAY. 

The  roadway  for  the  most  part,  and  over  all  heavy  grades,  is  con- 
structed upon  the  solid  ledge.  Where  the  stringers  (longitudinal 
timbers)  rest  directly  on  the  ledge,  an  iron  bolt  i\\  inch  iron)  is 
driven  through  the  timbers  and  into  the  ledge  at  intervals  of  six  feet. 
Where,  in  order  to  make  regular  grades,  the  stringers  are  raised  above 
the  surface,  bed  ties  are  used  every  six  feet,  and  back  of  every  bed  tie, 
on  all  ledges,  two  and  three  1^  inch  iron  bolts  are  firmly  set  into  the 
ledge.  Xot  only  this,  but  all  longitudinal  timbers  upon  the  bed  ties 
are  bolted  to  them  with  the  1^  inch  bolts,  and  every  stick  resting  upon 
the  ledge  is  carefully  fitted  to  its  inequalities,  some  sixty  first-class 
ship-carpenters  and  axemen  having  been  employed  upon  the  work 
expressly  for  this  purpose,  at  prices  ranging  from  fifty  to  seventy-five 
per  cent,  above  the  cost  of  labor  in  ordinary  railroad  construction. 
The  stringers  were  all  laid  true  to  grade,  and  the  "centres"  given  from 
the  instruments  on  every  bed  tie. 

The  track  tics  (sleepers)  are  laid  directly  upon  the  stringers,  exactly 
two  feet  apart  (from  centre  to  centre),  and  back  of  each  tic  (which  is 
six  inches  square  by  six  feet  long)  two  \  inch  iron  bolts  are  driven  into 
the  stringers,  each  tie  being  grooved  or  "gouged"  so  that  the  bolts  tit 
firmly  into  them,  thus  preventing  lateral  as  well  as  longitudinal 
movement. 

THE   TRACK. 

Upon  these  ties  the  '<T"  (or  ordinary  track)  rails  are  laid  to  a  gauge 
of  4  feet  7^  inches,  or  one  inch  narrower  than  the  standard  gauge 
railways  of  the  country.  These  rails  are  coupled  together  the  entire 
length  of  the  road  by  the  ordinary  "  fish  plates  "  and  track  bolts  (four 
bolts  to  each  rail),  and  fastened  to  the  sleepers  by  common  railroad 
spikes,  two  upon  each  end  of  every  sleeper.  Every  T  rail  has  also 
four  "slots"  into  which  the  spikes  are  firmly  fitted.  The  cog  rail  is 
made  from  two  plates  of  angle  iron  which  form  the  base  as  well  as  the 
upright  stand  into  which  the  c(jgs  are  fitted.  The  "  cogs  "  are  made 
from  1 J  inch  iron,  especially  selected  for  the  purpose,  and  all  made  in 
one  set  of  rolls  in  order  to  insure  uniformitv  in  size..    Each  bolt  is 
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equal  to  a  direct  strain  of  about  thirty  tons,  Avhile  the  maximum  load 
will  never  exceed  sixteen  tons.  These  cog  rails  are  secured  to  the  ties 
by  fourteen  lag  screws  (5 J  inches  long)  in  each  12-foot  section  of  the 
rail,  or  two  lag  screws  every  two  feet,  this  of  course  being  doubled  at 
each  joint. 

For  the  purpose  intended,  the  road  is  witliout  doubt  equal  to  five 
times  the  strain  to  which  it  will  ever  be  subjected,  and,  considering 
the  difficulties  under  which  it  was  built,  is  certainly  a  marvel  of  railway 
eno-ineerino;  and  construction. 

THE    ROLLING   STOCK. 

The  engine  was  built  by  the  Manchester  Locomotive  Works,  with 
all  the  improvements  suggested  by  thirteen  years'  successful  operation 
of  the  White  Mountain  road.  The  ascent  is  made  by  steam  power  j 
the  descent  with  compressed  air — or  perhaps  it  is  more  correct  to  say 
through  allowing  the  air  to  escape  from  the  cylinders.  The  engine  is 
always  set  in  the  "forward  gear" — or  as  if  going  ahead' — even  in 
coming  down  the  mountain,  and  is  never  reversed  when  backing  up 
as  is  the  case  with  an  ordinary  locomotive.  As  an  illustration,  let  us 
suppose  a  "  dead  "  engine — or  an  ordinary  locomotive  with  no  steam 
— standing  on  a  level  track  and  set  in  the  forward  gear.  Attach  an 
eniyine  under  steam  and  haul  the  dead  locomotive  backwards  a  consid- 
erable distance.  Release  it,  and  th«  compressed  air  worked  into  the 
cylinders  and  boiler  will  send  it  forward  to  the  starting  point.  The 
action  is  precisely  the  same  with  the  mountain  engine,  and  it  absolutely 
cannot  come  down  the  mountain  excepting  as  the  air  is  allowed  to 
escape. 

The  entire  mechanism  of  the  engine  is  double — four  cylinders,  two 
cog  wheels  and  two  driving  shafts.  The  power  is  not  carried  direct 
from  the  cylinders  to  the  cog  wheel  axle,  but  to  shafts  upon  which 
there  is  a  small  gear  wheel  which  works  into  one  5J  times  its  size 
upon  the  cog  wheel  axle.  Upon  the  cog  wheel  axles  there  are  two 
ratchet  wheels  into  which  two  pawls  are  constantly  dropping,  and  in 
the  event  of  the  breaking  of  any  part  of  the  engine,  either  one  of 
these  wheels,  with  its  pawl,  will  hold  the  entire  train  on  any  of  the 
grades.  In  addition  to  these  provisions  for  safety,  there  are  two 
"  band  "  brakes  on  the  smaller  shafts  which  may  be  instantly  applied 
by  the  engineer. 

Tlie  passenger  and  construction  cars  were  built  by  the  Hinckley  & 
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Egery  Iron  Company,  of  this  city,  tlie  former  being  transported  in 
sections  to  the  foot  of  the  railway  and  there  set  u}).  The  floor  and 
seats  are  adjusted  to  the  average  grade,  and  the  sides  are  open  to  admit 
of  unobstructed  observation,  and  the  construction  is  first  class  in  every 
respect.  The  car  is  never  attached  to  the  engine,  but  is  pushed  ahead. 
It  is  provided  with  double  hand-brakes,  two  cog  wheels,  and  a  rachet 
wheel  with  a  pawl,  which  would  instantaneously  stop  and  hold  the 
car  on  any  of  the  steepest  grades,  if  it  were  ever  possible  for  the 
engine  to  get  aM'ay. 


improvp:mexts  ix  apparatus  for  testing 

BOILERS. 

[From  the  Report  of  the  Secretary,  May  16,  1838.] 


The  accompanying  illustration  represents  the  "  Little  Giant  "  Boiler 
Testing  Apparatus,  made  by  the  Rue  Manufacturing  Company  of 
Philadelphia. 


Respecting  the  usual  cold  water  te.^t  ajipliod  for  this  puiposc,  it  is 
alleged  that  the  siiock  of  forcing  water  into  a  boik'r  undci-  pressure  by 
means  of  a  j>ump  is  equivalent  in  its  effects  to  a  series  of  blows. against 
the  boiler  siiell  ;  and  that  the.sc  i>lows  are  liable  to,  and  in  many 
instances  do,  result  in  producing  .serious  injury  to  the  l)oiIer,  the  extent 
of  which  in  the  majority  of  instances  may  never  be  known  .<ave  indi- 
WnoLK  No.  Vol..  CXVI. — (Third  Seriks,  Vol.  Ixxxvi.)  14 
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recti}'.  If  strained  by  tliis  operation  in  some  of  its  parts,  to  nearly  the 
point  of  rupture,  it  is  reasonably  alleged  that  it  may  give  way  at  some 
future  time  under  a  much  less  pressure  than  that  at  which  it  was 
tested. 

From  these  considerations,  therefore,  it  is  affirmed  that  the  safest 
method  of  making  such  tests  and  that  which  has  received  the  sanction 
of  experienced  engineers,  has  hitherto  been  to  fill  the  boiler  full  of  cold 
water,  then  apply  a  slow  fire  and  obtain  the  desired  pressure  by  the 
expansion  of  the  water. 

The  method  which  involves  the  application  of  the  apparatus  here- 
with illustrated,  consists  in  filling  the  boiler  full  of  hot  water  (of  say 
180°F.  or  more),  then  applying  the  required  pressure  by  means  of  an 
injector  constructed  for  the  purpose,  which  also  continues  to  add  heated 
water  to  the  boiler.  A  safety-  or  relief-valve  is  set  to  open  at  the 
pressure  at  which  it  is  desired  to  test  the  boiler,  and  the  operation  of 
the  injector  is  such  as  to  accumulate  and  maintain  that  pressure  con- 
stantly and  as  long  as  may  be  required.  By  this  means,  it  is  affirmed, 
that  whatever  the  pressure  at  which  the  boiler  is  to  be  tested,  that 
pressure  will  be  ])erfcctly  uniform  throughout,  and  in  its  effects  on  the 
shell  substantially  similar  in  all  res})ects  except  in  degree  to  the  pres- 
sure that  obtains  when  the  boiler  is  in  use  under  steam.  Another 
important  advantage  of  this  apparatus  is  claimed  to  be  the  accumula- 
tion and  constant  maintenance  of  whatever  pressure  may  be  desired, 
uninfluenced  by  slight  leaks. 

For  locomotive  and  boiler  work  the  apparatus  is  claimed  to  possess 
many  features  of  advantage  over  the  usual  pump,  of  which  the  speed 
with  which  it  operates,  is  not  the  least. 

The  apparatus  consists  in  the  arrangement  of  an  injector  and  ejector 
especially  constructed  and  connected  for  the  purpose  above  described. 

The  accompanying  engraving  represents  the  appearance  of  the 
apparatus.  As  seen,  it  consists  of  two  instruments,  the  one  filling  the 
boiler,  the  other  applying  the  pressure. 

The  makers  explain  that  their  apparatus  will  fill  the  boiler  to  be 
tested  at  the  rate  of  2,000  gallons  per  hour  with  hot  water.  The  })or- 
tion  of  the  apparatus  applying  the  pressure  has  a  capacity  of  400 
gallons  per  hour,  and  will  accumulate  from  three  to  five  times  the 
initial  pressure  according  to  circumstances.  It  is  further  explained 
that  it  can  be  used  with  any  pressure  of  steam  from  10  pounds  to  150 
pounds. 
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Briefly,  then,  tlie  in.striiment  herewitli  .shown  is  an  apparatus  to  te.st 
boilers  witli  warm  water  under  a  continuous  even  pressure  without 
shock  or  jar,  which  cannot  be  done  with  a  pump  and  cold  water ;  it 
will  produce  and  maintain  any  desired  pressure  up  to  three  times  the 
.steam  pressure  u.sed,  and  can  be  made  to  five  times  when  required. 

The* details  of  the  apparatus  will  be  understood  from  the  following 
references  to  the  engraving: 

No.  1.  Adjusting  Lever,  Instrument,  No.  1.  No.  o.  Safety  Valve. 

No.  2.  Steam  Valve,  In.strument,  No.  1.  No.  6.  Pressure  Gauge. 

No.  3.  Steam  Valve,  Instrument,  No.  2.  No.  7.  Steam  Connection. 

No.  4.  Overrtow  from  Instrument,  No  1.  No.  8.  Water  Connection. 

No.  it.  Boiler  Connection. 


MINERAL  PRODUCTS  OF  THE  UNITED  STATES. 


A  report  entitled  "The  Mineral  Resources  of  the  United  States"  is 
now  in  the  press,  and  will  shortly  be  published,  by  Mr.  Albert  AVilliams, 
Jr.,  chief  of  the  division  of  Mining  Stati.stics  and  Technology,  United 
States  Geological  Survey,  Hon.  J.  W.  Pow^ell.  Director.  This  report 
is  for  the  calendar  year  1882  and  the  fii-st  six  months  of  1883.  It 
contains  detailed  statistics  for  these  periods  and  also  for  ])receding  years, 
together  with  much  technical  and  descriptive  matter.  The  compilation 
of  special  statistics  has  been  placed  by  Mr.  AVilliams  in  the  ciiarge  of 
leading  authorities  in  the  several  branches,  and  the  results  will  there- 
fore be  accepted  with  confidence.  The  following  totals  of  the  produc- 
tion of  the  more  important  mineral  substance  arc  from  advanced  proofs: 

Coal. — The  only  statistics  in  which  tlie  trade  is  interested  are  those 
relating  to  the  amount  of  coal  which  is  mined  for  and  reaches  the 
market.  There  is  besides  a  local  and  colliery  consumption  which  is 
usually  disregarded  in  statistics,  and  which  ranges  froui  5  to  6i  per  cent, 
on  the  total  shipments.  Of  what  may  be  called  the  commercial  ])r()duct, 
the  quantities  in  1882  were :  Pennsylvania  anthracite,  2{),12(),09G  gro.ss 
tons;  bituminous,  brown  coal,  lignite,  and  small  lots  of  anthracite 
mined  outside  of  Pennsylvania,  57,963,038  gro.ss  tons ;  total,  87,083,- 
134  gro-ss  tons.  The  spot  value  of  the  commercial  pro<Uict  was  as 
follows:  anthracite,  !$G5,o20,21() ;  bituminous  and  other  coals,  ^^72,- 
453,797;  total,  $137,974,013.  During  the  first  six  months  of  1883 
the  output  was:  Pennsylvania  anthracite,  14,010,767  gro.ss  tons;  bitu- 
minous and  all  other  coal.s,  30,000,000  gross  tons;  total,  44,010,767 
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gross  tons.  The  spot  value  of  the  commercial  product  during  the  first 
half  of  1883  was:  Pennsylvania  anthracite,  $31,524,226  ;  bituminous 
and  other  coals,  $37,500,000 ;  total,  $69,024,226.  Including  the  local 
consurai)tion,  etc.,  the  total  product  in  1882  may  be  stated  at  92,219,- 
454  gross  tons;  namely,  31,358,264  tons  of  Pennsylvania  anthracite 
and  60,861,190  gross  tons  of  other  coals;  and  the  value  at  the. mines 
was :  Pennsylvania  anthracite,  $70,556,094 ;  bituminous  coal,  etc., 
$76,076,487;  total,  $146,632,581. 

Iron. — The  principle  iron  statistics  for  1882  are  as  follows:  Pig 
iron  made,  4,623,323  gross  tons;  spot  value,  $106,336,429.  Iron  ore 
mined,  9,000,000  gross  tons  ;  spot  value,  $32,100,000.  Domestic  iron 
ore  consumed,  8,700,000  gross  tons;  spot  value,  $31,320,000.  Im- 
ported iron  ore  consumed,  589,655  gross  tons.  Total  iron  ore  con- 
sumed, 9,289,665  gross  tons.  Total  spot  value  of  all  iron  and  steel 
in  the  first  stage  of  manufacture,  excluding  all  duplication,  $171,336,- 
429.  Anthracite  consumed  in  all  iron  and  steel  works,  including  fur- 
naces, 3,800,000  gross  tons.  Bituminous  coal  consumed  in  all  iron  and 
steel  works,  including  furnaces,  6,600,000  gross  tons.  Coke  consumed 
in  all  iron  and  steel  works,  including  furnaces,3,350,000  gross  tons. 
Charcoal  consumed  in  all  iron  and  steel  works,  including  furnaces, 
107,000,000  bushels.  Limestone  consumed  as  flux,  3,850,000  gross 
tons ;  spot  value,  $2,310,000. 

For  the  first  six  months  of  1883  the  totals  are  as  follows :  Pig  iron 
made,  3,352,019  gross  tons;  spot  value,  $47,040,380.  Iron  ore  mined 
(and  consumed),  4,500,000  gross  tons;  spot  value,  $12,375,000.  Im- 
ported iron  ore  consumed,  185,000  gross  tons.  Total  iron  ore  con- 
sumed, 4,685,000  gross  tons.  Total  spot  value  of  all  iron  and  steel  in 
the  first  stage  of  manufacture,  excluding  all  duplications,  $71,000,000. 
Anthracite  consumed  in  all  iron  and  steel  works,  including  furnaces, 
1,810,000  gross  tons.  Bituminous  coal  consumed  in  all  iron  and  steel 
works,  including  furnaces,  3,140,000  gross  tons.  Coke  consumed  in 
all  iron  and  steel  works,  including  furnaces,  1,780,000  gross  tons. 
Charcoal  consumed  in  all  iron  and  steel  works,  including  furnaces, 
38,750,000  bushels.  Limestone  consumed  as  flux  1,950,000  gross  ton; 
spot  value,  $1,072,500. 

Gold  and  silver, — Tiie  Mint  authorities  furnish  the  following  statis- 
tics for  1882:  Gokl,  $32,500,000 ;  silver,  $46,800,000  ;  total,  $79,300,- 
000;  or  an  increase  of  $1,600,000  over  the  output  in  1881.  For  the 
first  six  monilis  of  1883  the  product  is  estimated  at  $16,250,000  gold. 
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^23,400,000  silver,  and  $39,650,000  total;    the  rate   of  production 
being  assumed  to  be  the  same  as  in  1882. 

Petroleum. — The  production  of  crude  petroleum  in  the  oil  fields  of 
Pennsylvania  and  Xew  York  in  1882  was  30,053,500  barrels  of  42 
gallons  each,  worth,  at  an  average  spot  value  of  78|  cents  per  barrel, 
$23,704,698.  During  the  first  six  months  of  1883  the  yield  was 
11,291,663  barrels,  worth,  at  an  average  spot  value  of  $1.00J  per  barrel, 
$11,305,778.  In  addition  to  the  quantitiy  above  stated,  California  pro- 
duced in  1882  about  70,000  barrels. 

Copper. — The  production  of  copper  in  1882  was  91,646,232  pounds, 
worth,  at  an  average  value  of  \1\  cents  per  pound  in  New  York, 
$16,038,091.  For  the  first  half  of  1883  the  production  is  estimated 
at  58,000,000  pounds,  worth,  at  an  average  price  in  Xew  York  of  14.65 
cents  per  pound,  $8,500,000.  The  spot  value  of  the  copper  at  the 
point  of  production  is  a  matter  which  cannot  be  stated  with  any 
accuracy  ;  nor  was  any  attempt  made  to  ascertain  the  tons  of  copper  ore 
mined.  In  1882,  3,325,000  pounds  of  bluestone,  worth,  $191,187, 
were  made;  and  in  the  first  half  of  1883  the  manufacture  of  bluestone 
is  estimated  at  1,662,500  pounds,  worth  $95,593. 

Lead. — In  1882  132,890  net  tons  of  lead  were  produced,  worth,  at 
an  average  value  of  $95  per  net  ton  on  the  eastern  seaboard,  §12,624,- 
550.  For  the  first  half  of  1883  the  production  is  estimated  at  70,000 
net  tons,  worth,  at  $90  per  ton,  $6,300,000.  In  this  case,  as  with 
copper,  it  is  impossible  to  state  the  average  spot  value  of  the  lead,  or 
the  tons  of  lead  ore  mined.  A  very  large  proportion  of  the  lead  ore 
sinelted  is  artrentiferous,  and  is  worked  for  its  silver  contents  and  not  for 
the  value  of  the  lead,  In  the  census  year  ending  May  31,  1880,  the 
amount  of  white  lead  corroded  wtis  reported  at  123,477,890  pounds, 
worth  $8,770,699. 

Zinc. — The  production  of  metallic  zinc  in  J  882  was  33,765  net 
tons,  worth,  at  an  average  value  of  5.4  cents  per  j)ound  in  Xew  York, 
$3,646,620.  The  i)roduction  during  the  fii-st  six  months  of  1883  is 
estimated  at  18,000  net  tons,  worth,  at  an  average  value  of  4g  cents 
per  pound  in  New  York,  $1,665,000.  In  addition  to  (he  spelter  and 
sheet  zinc  made  in  this  country,  there  is  also  a  large  manulacture  of 
zinc  oxide  made  directly  from  the  ore.  As  in  the  case  of  copper  and 
lead,  it  is  impossible  to  fix  an  average  spot  value  for  the  product,  and 
the  coll«;tion  of  statistics  of  zinc  ore  mined  has  not  been  attempted. 
In  the  census  year  1880  the  amount  of  zinc  oxide  manufactured,  in- 
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eluding  that  made  from  scrap  zinc,  was  reported  at  20,121,761  pounds, 
worth  $766,337. 

Quicksilver. — In  1882  the  production  of  quicksilver  was  52,732 
flasks  (of  76|  pounds  each  =  4,033,998  pounds),  worth,  at  an  average 
price  in  San  Francisco  of  36|  cents  per  pound,  $1,487,537.  During 
the  first  six  months  of  1883  the  production  was  22,740  flasks  (= 
1,739,610  pounds),  worth,  at  an  average  price  of  35 J  cents  per  pound, 
8613,213.  During  the  year  1882  700,000  pounds  of  vermilion  were 
made  in  the  United  States,  having  a  total  value  of  $315,000. 

Nickel. — The  production  of  pure  grain  nickel  in  1882  was  277,034 
pounds,  worth,  at  $1.10  per  pound,  $304,737.  There  was  also  a  pro- 
duction of  50  per  cent,  copper-nickel  alloy  containing  4,582  pounds 
of  nickel,  worth  $5,040.  The  total  nickel  productio*!!  was  therefore 
281,616  pounds,  worth  $309,777.  The  only  nickel  reduction  works 
in  the  United  States  were  closed  during  the  first  half  of  1883. 

Cobalt. — The  value  of  cobalt  ores  and  matte  for  1882  was  about 
$15,003.  The  amount  of  cobalt  oxide  made  was  11,653  pounds,  worth 
$32,046. 

Jfangancse. — The  production  of  manganese  ore  in  1882  was  3,500 
gross  tons,  and  the  spot  value  at  the  mines,  estimated  at  $15  per  ton, 
was  $52,500. 

Chromium. — The  production  of  chrome  iron  ore  in  1882  was  about 
2,500  net  tons,  worth,  at  an  average  price  of  $40  i>er  ton  in  Baltimore, 
$100,000.     The  spot  value  cannot  be  ascertained. 

Tin. — A  triflinon  anionnt  of  tin  ore  was  mined  in  1882  and  the  first 
half  of  1883,  and  production  of  metallic  tin  began  on  a  small  scale 
towards  the  close  of  the  latter  period. 

Antimony. — The  production  of  metallic  antimony,  so  far  as  ascer- 
tained, was  60  tons  in  1882,  worth  about  $12,000. 

Building  stone. — It  is  estimated  that  the  value  of  the  building  stone 
quarried  in  1882  was  $21,000,000. 

Brick  and  tile. — It  is  estimated  that  the  total  value  of  the  brick  and 
tile  made  in  the  United  States  in  1882  was  $34,000,000. 

Lime. — There  were  31,000,000  barrels  (of  200  pounds  each)  made 
in  1882,  having  a  total  spot  value  of  $21,700,000  at  the  kilns. 

Cement. — The  amount  of  artificial  Portland  cement  made  in  1882 
was  85,000  barrels,  worth,  spot,  $191,250.  Of  the  cements  manu- 
factured from  natural  cement  rock  there  were  3,165,000  barrels  made, 
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worth,  .spot,  83,481,500.  The  total  production  of  cement  \va.« 
3,250,000  barrels,  worth  83,672,750. 

Clays. — Complete  statistics  of  the  quantity  of  fire  and  potters'  clay 
mined  in  1882  were  not.obtained.  The  value  of  the  Avhiteware  made 
was  over  85,000,000. 

Precious  stones. — The  spot  value  of  the  })recious  stones  found  in 
1882,  before  cutting,  \^as  between  810,000  and  ^15,000  ;  after  cutting, 
between  850,000  and  860,000. 

Corundum. — It  is  estimated  that  500  tons  were  mined  in  1882,  worth 
on  an  average  only  about  $12.50  per  ton,  crude  and  unground  ;  total, 
$6,250.  The  value  of  the  ground  corundum  manufactured  during  the 
same  year  was  about  8135,000. 

Grindstones. — The  value  of  the  grindstones  made  from  domestic  rock 
in  1882  is  estimated  by  leading  dealers  at  $700,000. 

Pumice  stone. — Tliere  were  70  net  tons  quarried  in  1882,  worth 
about  $1,750. 

Phosphates. — Tlie  production  of  washed  phosphate  rock  in  1882  by 
the  land  mining  companies  of  South  Carolina  was  1 91,305  gross  tons  ; 
spot  value,  81,147,830.  By  the  river  mining  companies,  140,772 
gross  tons ;  spot  value,  $844,632.  Total,  332,077  gross  tons  ;  spot 
value,  81,992,462. 

Marls. — In  Xew  Jersey,  1,080,000  net  tons  of  marl  were  dug  in 
J 882.  Tiie  average  spot  value  at  the  pits  is  50  cents  per  ton,  making 
the  total  8540,000.  There  was  a  small  yield  of  marls  in  some  of  the 
Southern  States,  the  amount  of  which  has  not  been  a.scertained. 

Gypsum. — The  most  complete  statistics  for  1882  are  those<of  the 
output  of  ^lichigan,  namely,  37,821  net  tons  of  land  plaster  and 
135,655  barrels  (of  300  pounds  each)  of  stucco.  The  manufacture 
of  pla.ster-of-paris  on  the  Atlantic  seaboard  was  525,000  barrels  (of 
250  pounds  each),  chiefly  made,  however,  from  Xova  Scotia  stone. 
Colorado  produced  10,350  sacks  (of  100  pounds  each).  The  produc- 
tion of  Califoiiiia  and  some  other  States  was  not  ascertained.  , 

Salt. — The  amount  of  salt  made  in  1882  was  6,412,373  barrels  (of 
280  pounds  each -- 1,795,464,4  10  [)()und.<),  iiaving  a  spot  value  of 
84,320,140.  Diu'ing  the  first  six  months  of  1883  the  j)roducti()n  is 
estimated  at  3,206,186  liarrels  (=  897,732,080  pounds),  worth 
$2,l()O,070,  the  rate  of  pnxlii'-tion  bcIuL'"  assumed  to  be  the  .same  as 
in  1882. 

Borax. — The  production   in  1.S82   was  4,236,291  poiuids,  having  a 
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spot  value  at  the  works  of  $338,903.  For  the  first  half  of  1883  the 
output  is  estimated  at  2,800,000  pounds,  worth,  spot,  $224,000. 

Sulphur. — Complete  statistics  were  not  obtained.  The  production 
in  the  census  year  was  stated  at  1,200,000  pounds,  worth  $21,000. 

Barytes. — The  amount  of  crude  barytes  mined  in  1882  was  20,000 
tons,  worth  at  the  point  of  production  $160,000.  The  value  of  refined 
and  ground  barytes  manufactured  from  the  crude  product  above  stated 
was  about  $440,000. 

Mica. — The  quantity  of  merchantable  mica  rained  in  1882  is  esti- 
mated by  leading  dealers  at  75,000  pounds,  worth  $250,000.  The 
production  is  rapidly  increasing. 

Soapstone. — The  amount  quarried  in  1882  is  estimated  at  6,000  net 
tons,  worth  $90,000  at  the  quarries. 

Quartz. — The  amount  of  quartz  mined  in  1882  for  glass  making 
and  abrading  purposes  is  estimated  at  75,000  net  tons. 

Asbestus. — Amount  mined  in  1882,  1,200  net  tons,  worth  $36,000 
at  the  point  of  production. 

Graphite. — Amount  mined  in  1882,  425,000  pounds,  worth,  crude, 
at  the  point  of  production,  $34,000.  During  the  first  six  months  of 
1883  the  production  is  estimated  at  262,500  pounds,  worth  $21,000. 

Carbonate  of  Soda. — Over  1,600,000  pounds  were  produced  in  1882 
from  native  deposits. 

Asphaltum. — The  production  in  1882  was  3,000  net  tons,  having  a 
spot  value  of  $10,500. 

Alum. — No  statistics.  In  the  census  year  the  amount  of  manu- 
factured artificial  alum  was  reported  at  39,217,725  poimds,  worth 
$808,165. 

Copperas. — The  amount  of  co])peras  manufactured  in  1882  is  esti- 
mated at  15,000,000  pounds,  worth  $112,500. 

The  production  of  the  following-named  substances  was  insignificant : 
Apatite,  arsenic,  bismuth,  infusorial  earth,  iridium,  lithographic  stone, 
nitrate  of  soda,  ozocerite,  platinum,  strontia. 

No  reliable  statistics  were  obtained  of  the  following  substances : 
Buhrstones,  chalk,  feldspar,  fluorspar,  mineral  paints,  pyrites  (for 
acid  manufacture),  sulphate  of  soda,  talc  (other  than  "soapstone"). 

None  of  the  following  substanc(!s  arc  known  to  have  been  mined  in 
1882,  or  in  the  first  half  of  1883:  Carbons,  cryolite,  rottenstone, 
wolfram. 

Totals. — It  is  impossible  to  state  the  total  mineral  product  in  any 
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form  which  shall  uot  be  open  to  just  criticism.  It  is  evident  that  the 
production  statistics  of  such  incongruous  substiinces  as  iron  ore, 
metallic  gold  and  silver;  tiie  spot  value  of  coal  mined  and  the  market 
value  of  metallic  copper  after  having  been  transported  hundreds  of 
miles ;  the  spot  value  of  a  crude  substance  like  unground,  unrefined 
barytes,  and  the  value  of  a  finished  product  like  brick  (in  Avhich  the 
cost  of  manufacture  is  the  leading  item),  such  details  cannot  well  be 
taken  jis  items  in  a  general  summary.  The  statistics  have  been  com- 
piled with  a  view  to  giving  information  on  those  points  which  are  of 
most  interest  and  utility,  and  are  presented  in  the  form  usual  in  the 
several  branches  of  trade  statistics.  The  result  is  that  the  values 
stated  for  the  different  products  are  necessarily  taken  at  diifereut 
stages  of  production  or  transportation,  etc.  Theoretically  perfect  sta- 
tistics of  mineral  products  would  include,  first  of  all,  the  actual  net 
spot  value  of  each  substance  in  its  crudest  form,  as  taken  from  the 
earth;  and  yet  for  practical  purposes  such  stiitistics  would  have  little 
interest  other  than  the  fact  that  the  items  could  be  combined  in  a 
grand  total  in  which  each  substance  .should  be  rated  on  a  fairly  even 
basis.  The  following  groupings,  therefore,  are  ])rescnted  with  a  full 
realization  of  the  incongruity  of  many  of  the  items. 

Values  of  the  Metallic  Products  of  the  United  States  in  1882. 

Pig  iron,  spot  value §106,336,429 

Silver,  coining  value 46,800,000 

Gold,  coining  value 32,o00,(l00 

Copper,  value  at  New  York  City 16.038,091 

Lead,  value  at  New  York  City 12, 624, 550 

Zinc,  value  at  New  York  City 3,646,620 

Quicksilver,  value  at  San  Francisco 1,487,537 

Nickel,  value  at  Philadelphia 309,777 

Antimony,  value  at  San  Franeisco 12,000 

Platinum,  value  at  New  York  ("ity 1,000 

Total §219,756,004 

Values  of  Home  of  the  Non- Metallic  Products  of  the  United  States  in  1882 
{All  Spot  Values,  except  Chrome  Iron  Ore). 

Bituminous  coal,  brown  cooal,  lignite,  and  anthracite  mined 

outside  of  Pennsylvania $7t), 076,487 

Pennsylvania  anthraeite 70,556,094 

Crude  petroleum 23,704,698 

Lime 21,700.000 

Building  stone 21,000,000 
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Salt 4,320,140 

Cement 3,672,750 

Limestone  for  iron  flux 2,310,000 

Phosphate  rock 1,147,830 

New  Jersey  marls 540,000 

Crude  borax 338,903 

Mica 250,000 

Crude  barytes 160,000 

Chrome  iron  ore,  value  at  Baltimore 100,000 

Soapstone 90,000 

Manganese  ore 52,500 

Asbestus 36,000 

Graphite 34,00i> 

Sulphur 21,000 

Cobalt  ore  and  matte 15,000 

Precious  stones,  uncut 12,500 

Asphaltum 10,500 

Corundum 6,2.50 

Pumice  stone 1,750 

Total $226,156,402 

Resume  of  the  Values  of  the  Metallic  and  Non-Metallic  Mineral  Substances 
Produced  in  the  United  States  in  1882. 

Metals $219,7.56,004 

Mineral  substances  name'd  in  the  foregoing  table 226,156,402 

$445,912,406 
Fire-clay,  kaolin,  potter's  clay,  common  brick  clay,  terra-cotta, 
limestone  used  as  flux  in  copper  and  lead  smelting,  iron  ore 
used  as  flux  in  lead  smelting,  pyrites  (for  acid  making), 
zinc  white  made  directly  from  ore,  marls  (other  than  New 
Jersey),  apatite,  gypsum,  tin  ore,  bismuth,  arsenic,  iridos- 
n)ine,  mill  buhrstone  and  stone  for  making  grindstones, 
lithographic  stone,  talc  (other  than  "  vSoapstoiie"),  quartz, 
feldspar,  fluorspar,  terra-alba,  chalk,  crude  mineral  paints, 
nitrate  of  soda,  carbonate  of  soda,  sulphate  of  soda,  native 
alum,  ozocerite,  mineral  soap,  stroiitia,  etc. — certainly  not 
less  than 8,000,000 

Grand  total $453,912,406 

The  grand  total  might  be  considerably  reduced  by  substituting  the 
value  of  the  iron  ore  mined  for  that  of  tlie  pig  iron  made;  by  deduct- 
ing the  di.scount  on  silver,  and  by  considering  lime,  salt,  cement,  borax, 
etc.,  as  manufactures.  It  will  also  be  remarked  that  the  spot  values 
of  copj)er,  lead,  zinc  and  chrome  iron  ore  are  much  less  than  their 
respective  values  after  transportation  to  market. 
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OX  THE  MANUFACTURE  OF  SULPHURIC  ACID. 


H.  Peniberton,  Jr.,  gives  in  the  Jofrxal  ov  the  Fhanklix  In- 
stitute, 1883,  vol.  115,  p.  356,  some  results  from  the  manufacture  of 
sulphuric  acid  from  brimstone,  which  illustrate  the  ratio  between  the 
nitre  consumed  and  the  chamber  capacity ;  they  are  of  interest,  as  they 
include  a  chamber  SN'stem  working  with  Gay-Lussac  towers. 

Pemberton  calculates  from  the  amount  of  the  denitrated  Gay-Lus- 
sac acid  the  quantity  of  nitre  that  passed  through  the  chambers  to 
every  100  parts  brimstone,  and  finds  15"()  per  cent,  nitre,  including 
3*5  per  cent.  lost. 

Hurter  (1882,  ccxlvi,  341)  found  in  his  theoretical  examination  of  the 
sulphm'ic  acid  process,  that  the  product  of  the  chamber  space  and  nitre 
consumed,  ap[)roaohes  a  constant  figure,  which  represents  the  chamber 
capacity  corresponding  to  one  per  cent,  nitre  consumed,  Gay-Lussac 
towers  not  being  used.  The  chamber  capacity  and  nitrogen  com- 
pounds present  are  indirectly  pro})ortional  to  each  other,  provided  that 
the  loss  of  sulphur  is  equally  great,  and  the  acid  produced  is  of  uni- 
form concentration.  When  working  with  weak  acid,  a  smaller  cham- 
ber capacity  is  required.     (See  Wagners'  Jahresbericht,  1882,  p.  240.) 

hurter's  results  (pyrites  only.) 
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The  above  results  from  Hurter  are  yearly  averages,  obtained  from 
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five  important  English  works  burning  pyrites.  Peniberton's  re- 
sults are  derived  from  a  set  of  chambers  running  on  brimstone  only, 
and  in  which,  unfortunately,  no  positive  statements  in  reference  to  loss 
in  sulphur  and  concentration  of  acid  are  given,  and  which,  therefore, 
do  not  allow  of  comparison  with  the  much  more  certain  results  of 
Hurter.  It  is  self  evident  that  the  constant  for  brimstone  must  be 
lower  than  that  for  pyrites. 

In  A  and  E  the  acid  is  much  weaker ;  in  A  the  yield  is  the  best ; 
in  E  the  chamber  capacity  is  the  smallest.  System  4  worked  with 
Gay-Lussac  with  a  loss  of  3*5  per  cent,  nitre. — Dingler's  Journal. 


BRONZE  FOU  TELEPHONE  LINES. 


The  careful  investigation  instituted  by  E  Van  Der  Yen  of  the 
Teyler  Foundation,  on  wires  made  of  the  metallic  alloys,  known  as 
phosphor-bronze  and  silicon-bronze,  are  the  more  welcome  on  account 
of  the  discussions  had,  particularly  at  the  Paris  Electrical  Congress, 
concerning  the  practicability  of  their  use.  The  wires  experimented 
with  contained,  according  to  chemical  analyses  made  for  him  by  M. 
Van  Eyndhoven,  in  the  case  of  the  phosphor-bronze :  copper,  95*5 
per  cent;  phosphorus,  2*6  per  cent.,  with  small  quantities  of  tin,  man- 
ganese and  silicic  acid;  in  the  silicon-bronze:  copper,  92*2  per  cent; 
silicium,  0*91  per  cent.,  together  with  small  quantities  of  tin,  man- 
ganese and  antimony. 

The  practical  results  of  Dr.  Van  Der  Yen's  researches  are,  that 
phosphor-bronze  has  about  30  per  cent,  of  the  conducting  power  of 
copper,  silicon-bronze  about  70  per  cent.,  while  the  steel  as  used  in 
wires  has  only  about  10*5  per  cent.  Comparing  their  tenacity,  as  also 
very  carefully  determined  by  him,  with  that  of  steel,  he  finds  that  a 
wire  of  the  latter  material,  of  2  mm.  diameter,  with  quadru{)le  security 
and  the  conventional  sag  of  .7  m.,  can  have  a  stretch  from  pole  to 
pole  of  130  m.,  while  the  stretch,  under  the  same  conditions,  of  a  wire 

1  mm.  in  diameter  would  for  phosphor-bronze  be  106  m.,  for  silicon- 
bronze  91  m.  These  alloys,  with  a  diameter  of  ri8  and  of  0*77  mm. 
respectively,  have  the  same  electrical   resistance  as  the  steel  wire  of 

2  mm.  diameter.  "The  relatively  short  stretch  which  in  general  in- 
creases the  expense  of  construction  and  maintenance,  is  less  costly  in 
cities,  where  at  short  distances  the  roofs  of  buildings  offer  points  of 


Sept.,  1883.]  International  Electrical  Exhibition.  221 

suspension  for  telephone  wiies.  It  goes  without  saying  that  the 
bronze  wires  are  preferable  to  those  of  steel,  whose  resistance  demands 
a  much  larger  section ;  the  more,  since  the  network  of  lines  suspended 
in  the  air  cannot  be  counted  among  the  ornaments  of  a  large  city." 
To  this  result  we  may  add  the  statement  made  by  M.  Bede  at  the 
Congress.  A  phosphor-bron/e  wire  of  .8  mm.  (costing,  too,  the  same 
as  steel  of  .2  ram.)  would,  on  account  of  its  high  elasticity,  coil  up 
before  it  has.  fallen  4  m.  from  its  original  po.sition — so  rapidly  that 
on  breaking  it  would  ordinarily  not  strike  the  ground,  and  hence 
would  be  less  dangerous.  On  account  of  non-oxidation  there  is  no 
loss  of  diameter. — Musee  Teyler  and  Elecirotech.    Zeitscli.      M  B.  S. 


FRANKLIN  INSTITUTE. 


INTERNATIONAL     ELECTRICAL    EXHIBITION     IN     PHILADELPHIA,    TO 
OPEN  TUESDAY,  SEPT.  3,  1884. 


The  attention  of  all  persons  interested  in  the  generation  and  appli- 
cations of  electricity  is  respectfully  invited  to  the  Electrical  Exhibition, 
to  be  held  in  Philadelphia,  United  States  of  America,  commencing  on 
Tuesday,  Sept.  3,  1884,  under  the  auspices  of  the  Franklin  Institute 
of  the  State  of  Pennsylvania  for  the  promotion  of  the  mechanic  arts. 

From  the  eminent  reputation  of  this  institution,  coupled  with  the 
fact  that  the  projected  exhibition  will  be  the  first  in  America  exclu- 
sively devoted  to  this  important  and  progressive  branch  of  .science, 
the  above  announcement  has  attracted  unusual  interest  throughout  the 
United  States,  and  the  exhibition  will  undoubtedly  afford  an  admira- 
ble opportunity  of  witnessing  a  representative  display  of  American 
di.scovery  and  invention  in  electricity. 

To  increase  its  scientific  and  industrial  importance,  as  well  as  to  add 
to  its  attractiveness,  it  was  determined,  shortly  after  its  inception,  to 
give  it  an  international  character ;  and,  the  importiuicc  of  the  project 
having  been  ])ro])erly  represented  to  the  Congress  of  the  United  States, 
an  act  was  passed,  which,  having  received  the  signature  of  the  Presi- 
dent of  the  United  States,  is  now  the  law. 

This  official  recognition  provides  for  the  admission  into  the  United 
States,  duty  free,  of  all  articles  for  exhibition  only. 

The  text  of  this  Act  of  Congress  is  as  follows : 

"  Whereas,  The  Franklin  Institute,  of  the  State  of  Pennsylvania, 
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for  the  promotion  of  tlie  Mechanic  Arts,  propose  to  hold  an  exhibi- 
tion of  electrical  apparatus,  machinery,  tools  and  implements,  and 
other  articles  used  in  scientific  and  meclianical,  and  manufacturing 
business  and  investigations ;  and 

"  Whereas,  It  is  deemed  desirable  to  promote  the  success  of  such 
an  exhibition  by  all  reasonable  encouragement,  in  order  that  it  may  be 
made  useful  for  the  promotion  of  knowledge ;  therefore  be  it 

"Resolved,  By  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America,  in  Congress  assembled,  that  all  articles  that  shall 
be  imported  for  the  sole  purpose  of  exhibition  at  the  exhibition  to 
be  held  by  the  Franklin  Institute  of  the  State  of  Pennsylvania  for  the 
Promotion  of  the  Mechanic  Arts  in  the  City  of  Philadelphia  in  the 
years  1883  or  1884,  shall  be  admitted  without  payment  of  duty  or 
customs  fees  or  charges,  under  such  regulations  as  the  Secretary  of  the 
Treasury  shall  prescribe :  Provided,  That  all  such  articles  as  shall  be 
sold  in  the  United  States  or  withdrawn  for  consumption  therein  at  any 
time  after  such  importation,  shall  be  subject  to  the  duties,  if  any, 
imposed  on  like  articles  by  the  revenue  laws  in  force  at  the  date  of 
importation :  And  provided  further,  That,  in  case  any  article  imported 
under  the  provisions  of  this  joint  resolution  shall  be  withdrawn  (for) 
consumption,  or  shall  be  sold  without  payment  of  duty  as  required  by 
law,  all  the  penalties  prescribed  by  the  revenue  laws  shall  be  applied 
and  enforced  against  such  articles  and  against  the  persons  who  may  be 
guilty  of  such  withdrawal  or  sales," 

It  remains  only  to' add  at  the  present  time  that  no  effort  will  be 
spared  by  the  Franklin  Institute  to  secure  a  large  and  important  rep- 
resentation of  the  progress  of  foreign  countries,  and  that  the  most  lib- 
eral provisions  will  be  made  to  place  European  and  American  ex- 
hibitors on  a  fair  and  equal  footing. 

The  subject  of  electricity  and  its  applications,  is  at  present  attracting 
an  unusual  amount  of  attention,  and  the  exhibition,  side  by  side,  of 
the  best  achievements  of  Europe  and  America,  cannot  fail  to  be  in  the 
highest  degree  instructive. 

The  necessary  details  respecting  the  classification  of  exhibits,  appli- 
cations for  space,  the  regulations  for  the  entry  of  articles  for  compe- 
tition, advices  as  to  the  best  modes  of  transporting  articles  intended 
for  the  exhibition,  the  arrangements  for  the  reception  and  safe  dispo- 
sition of  goods,  and  other  needful  information  relating  to  the  subject 
of  the  exhibition,  will  shortly  be  made  public.     A  committee  of  the 
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Franklin  Institute  will  be  ap}K)inte(l  to  furnish  information  to  ex- 
hibitors from  foreign  countries  regarding  the  entry  of  goods  intended 
for  exhibition  at  the  Custom  House  in  Philadelphia.  Intending  ex- 
hibitors, desiring  such  information  Avitli  promptness,  are  invited  to 
communicate  with  the 

Secretary  Franldia  Iiist'duie,  Philadelphia,  U.  S.  A. 


Book  Notices. 


The  Ores  of  Leadville  and  their  Modes  of  Occurrexce, 
as  illustrated  in  the  "^Morning"  and  "Evening  Star"  Mines,  with  a 
chapter  on  the  Methods  of  their  Extraction  as  practiced  at  those 
]Mines.  By  Louis  D,  Ricketts  B.  S.,  Ward  Fellow  in  Economic 
Geology  of  the  College  of  New  Jersey.  With  five  plates  and  one 
colored  lithograph.     Princeton,  1883. 

The  first  part  of  this  work,  or  rather  all  except  the  descriptive  part, 
including  the  methods  of  mining  (called  by  the  author  ''  Metliods  of 
Extracting  the  Ores,")  formed  a  thesis  for  the  degree  of  Doctor  of  Sci- 
ence from  the  College  of  New  Jersey. 

It  would  be  well  for  the  standard  maintained  by  the  higher  institu- 
tions of  learning  in  this  country  if  bequests  for  fellowships  similar  to 
the  Ward  fellowship,  under  which  the  work  for  this  memoir  Avas 
undertaken,  were  more  common  in  our  universities.  By  the  terms  of 
this  fellowship  its  holder  must  devote  a  certain  part  of  the  year  to  the 
study  of  one  or  more  of  the  mines  in  the  West  (if  the  writer  be 
correctly  informed,  in  Colorado.)  Such  studies  are  not  only  admirably 
adaj)ted  to  test  the  thoroughness  of  the  student  in  the  many  diverse 
branches  of  science  which  they  involve,  but  they  are  of  the  greatest 
practical  utility  to  all  American  and  foreign  geologists  and  mining 
engineei*s,  since  they  reveal  the  methods  by  which  important  problems 
in  mining  liave  been  solved  under  those  conditions  of  labor,  transporta- 
tion, material  and  value  whi(!h  only  obtain  in  our  semi-settled  domain. 

The  author  acknowledges  his  obligations  to  Emmons,  and  ])rcsents 
his  facts  as  further  illustrations  of  the  accuracy  of  the  hitter's  tlieory 
of  structure,  in  which  he  himself  fully  concurs,  in  all  but  a  few  minor 
particulars.  After  a  short  subdivision  treating  of  the  "  General  geol- 
ogy" and  the  "  Position  of  the  deposits,"  he  proceeds  to  give  in  detail 
the  "  Geological  structure  at  the  mines."   This  is  a  very  painstaking 
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piece  of  work,  very  clearly  illustrated  by  the  horizontal  projection  of 
the  two  ore  bodies  of  the  mines  mentioned  in  the  title  (Plate  II) ; 
vertical  sections  through  the  shaft  of  the  "  Morning  Star  "  (Plate  HI), 
and  of  the  "  Evening  Star  "  (Plate  IV). 

The  boundaries  of  the  White  Porphyry,  Ore,  Blue  Limestone,  Gray 
Porphyry  (Blue  Limestone),  White  Limestone  and  Quartzite  which 
occur  in  the  order  given,  proceeding  from  above  downwards,  are  very 
clearly  made  out  by  the  aid  of  careful  observations,  and  references  to 
the  plates  already  referred  to,  as  well  as  to  a  color  plate  (I),  which 
gives  in  three  figures,  and  in  a  manner  striking  to  the  eye,  the  irregu- 
lar boundaries  of  the  three  various  strata  in  vertical  section.  A 
detailed  description  of  the  rocks  follows,  accompanied  by  analyses  of 
the  two  limestones  and  the  white  porphyry.  The  theory  of  ore  cur- 
rents is  very  succinctly  and  strongly  stated.  It  is  made  very  clear 
that  the  mode  of  occurrence  of  the  ore  is  such  as  might  have  been  pro- 
duced by  the  filling  up  of  the  bed  of  a  subterranean  stream  flowing, 
generally  speaking,  in  contact  with  the  present  under  surface  of  the 
white  or  upper  porphyry.  The  minerals,  both  pure  and  impure,  con- 
stituting the  gangue  are  briefly  stated  and  physically  and  chemically 
described.  Under  the  head  of  the  "Ores"  the  author  for  the  first 
time  makes  an  exception  to  the  rule  of  extreme  caution  which  he  has 
imposed  on  all  his  statements.  He  thinks  "  there  can  be  no  doubt  that 
the  lead  was  all  originally  deposited  in  the  limestone  horizon  as  the 
sulphide." 

Many  experienced  colleagues,  both  geologists  and  mining  engineers, 
will  not  be  able  to  follow  him  so  far,  nor  does  there  appear  any  good 
reason  why  acid  solutions  charged  with  lead  salts  should  not  have 
deposited  sulphates  and  chlorides  and  carbonates  in  the  body  of  the 
limestone,  as  well  as  sulphides.  It  is  also  hazardous  to  assert  that  only 
"  small  amounts  of  all  the  metafs  were  carried  off  in  solution  by  the 
oxidizing  waters,"  or  that  they  were  "  to  a  large  extent  redeposited  in 
the  gangue."  What  may  have  been  the  extent  to  which  these  actions 
were  carried  we  have  no  means  of  knowing,  but  there  are  no  data  at 
hand  which  will  enable  ns  to  limit  them,  especially  if  the  supply  of 
waters  charged  with  metal  salts  be  supposed  to  have  continued  for  a 
great  lapse  of  time. 

In  the  same  chapter  describing  the  Galena,  Dr.  Ricketts  drops  twice 
unconsciously  out  of  the  rigorously  exact  and  scientific  language 
which   he  has  heretofore  employed  into  the  familiar  parlance  of  the 
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miners  when  he  speaks  of  streaks  of  galena  running  through  "  black 
iron,"  and  "surrounded  bv  iron^'  (p.  31).  Under  the  head  of  the 
"  Chloride  of  Silver"  he  is  somewhat  disappointing  to  the  reader  in 
the  sentences  following  that  in  which  he  says  it  is  easy  to  explain 
where  the  silver  missing  from  the  carbonates  has  gone.  He  shows 
so  many  places  where  it  has  gone,  /.  e.,  into  the  porphyry,  the 
limestone  and  "  the  vein  matter  deep  down  in  the  current,"  as 
to  render  it  extremely  probable  that  a  still  larger  supply  than 
all  may  have  gone  into  the  seas  which  receive  the  drainage  of  the 
waters  which  he  makes  the  transporting  agent  (though  he  does  not 
mention  them).  Another  slight  omission  .seems  to  be  the  "  remarkable 
deposition  of  cerargyrite  in  the  white  porphyry  of  the  Evening  Star. 
Except  in  the  statement  above  and  the  incidental  allusion  to  the  silver 
in  it,  he  does  not  give  an  adequate  description  of  this  very  interesting 
phenomenon. 

In  describing  the  deposition  of  the  vein  materials,  his  theory  of  the 
"chemical  interchange  or  actual  replacement "  seems  unquestionably 
sound,  but  it  is  not  clear  how  he  intends  the  theory  to  be  applied  to 
the  deposition  of  lead  as  the  sulphide  previously  noted,  nor  in  what 
form  he  supposes  this  metal  to  have  arrived  at  its  pre.'^ent  place.  The 
expression  "  oxidizing  waters,"  which  occurs  on  p.  45  and  in  various 
other  places,  does  not  specify  clearly  what  kind  of  reaction  on  the  car- 
bonates of  iron  and  manganese  is  meant.  It  is  not  stated  what  was 
probably  the  constitution  of  the  "mineralized  waters"  rarrving  those 
metals,  whereby  they  deposited  them  and  took  in  return  lime  and 
mairnesia  to  form  with  their  acids  more  soluble  salts. 

The  second  part,  which  treats  of  the  machinery  and  methods  of 
mining,  the  construction  of  the  plant,  the  cost  of  the  items  and  the 
value  of  the  product,  is  so  complete  and  elementary  in  its  descriptions 
as  to  constitute  a  valuable  wovk  of  reference,  and  a  text  for  the  instruc- 
tion of  students  in  mining  engineering. 

Viewed  as  a  whole,  the  memoir  is  highly  creditable  to  the  author, 
and  to  the  college  which  crowned  it  by  the  highest  reward  tor  work 
done  in  its  gift. 

The  style  is  generally  clear,  if  not  elegant  ;  the  printing  neat,  and 
the  j)roof-reading  generally  carefully  done,  but  there  are  a  few  not 
very  important  exceptions  to  the  usual  excellence  in  both  these  par- 
ticulars, such  a.«  "prominant"  (p.  '^1),  "decomposition  "  (p.  38),  the 
"  more  pure  variety,"  etc. 
Whole  No.  Vol.  CXVI. — (Third  Series,  Vol.  Ixxxvi.)  15 
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The  plates  deserve  to  share  the  above  commeDclation,  though,  in  the 
judgment  of  the  present  writer,  the  colors  in  the  color  plate  and  the 
symbols  on  Plates  III  and  IV  to  indicate  white  limestone  might  have 
been  selected  with  more  regard  to  the  conventional  uses  of  colors  and 
lining;  for  different  rocks. 

The  pamphlet  is  a  (piarto;  contains  68  pages  of  letter-press  besides 
the  four  plates  just  alluded  to,  and  is  an  important  and  valuable  addi- 
tion to  onr  technical  literature.  P.  F. 


The  Geology  of  Chester  County,  after  the  surveys  of  Henry  D. 
Rogers,  Persifor  Frazer,  and  Charles  E.  Hall.  Edited  by  J.  P. 
Lesley.     1883. 

In  its  typography,  this  volume  is  an  improvement  upon  some  which 
have  preceded  it,  yet  the  errors  are  more  numerous  than  they  should 
be,  and  evidences  of  careless  editing  are  not  wanting.  The  well-known 
Chester  Valley,  besides  that  name,  is  called  (p.  14)  Limestone  Valley 
of  Downingtown  (p.  16)  Downingtown  Valley,  the  Chester  Valley  as 
it  is  commonly  called,  (p.  98)  Downington  Valley,  (p.  284)  "the 
Limestone  Valley  in  Mdiich  is  the  King  of  Prussia." 

(P.  179)  "  From  the  Philadelphia  gneiss  hills  across  to  the  Reading 
hills."  Evidently  the  syenitic  gneiss  hills  S.  of  the  S.  Valley  hill 
are  meant  and  not  the  Philadelphia  gneiss  of  p.  40,  etc.  (P.  48)  "The 
mica  and  hornblende  blackened  by  iron." 

A  large  part  of  the  volume  is  made  up  of  quotations  from  Rogers. 
Whatever  doubts  may  have  been  cast  upon  some  of  Rogers'  theories 
of  structure,  he  stands  preeminent  as  a  most  careful,  conscientious 
observer  of  geological  facts.  These  extracts  coming,  as  they  do,  in 
this  portable  form,  are  valuable,  but  no  effort  seems  to  have  been 
made  to  eliminate  or  point  out  errors ;  thus  (p.  40),  we  find  "  Haddon," 
probably  intended  for  Radnor,  Callwell  for  Colwell,  Matzan  for  Matt- 
son,  etc.  (p.  100),  nor  do  Rogers'  observations  seem  to  have  been  com- 
pared on  the  ground.  This  leads  to  what  appear  to  be  curious  l)lun- 
ders  on  pp.  39  and  100.  (P.  39),  "The  long  belt  of  Serpentine  starts 
in  the  Talc-mica  slates,  1  mile  S.  E.  of  Paoli,  more  than  400  yards 
north  of  the  contact  of  gneiss  and  slate." 

What  Rogers  wrote  (I,  p.  78)  was,  "  Oar  line  now  crosses  Crum 
Creek  .  .  .  and  here  the  gneiss  is  in  close  proximity  to  the 
southern  margin  of  the  long  belt  of  stratified  serpentine,  which  origi- 
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nates  in  the  talcose  primal  slates,  about  one  mile  S.  E.  of  the  Paoli,  and 
more  than  one-fourth  of  a  mile  X.  of  the  gneiss  at  that  point." 

Throughout  C*  the  term  "  talc  mica  slates "  is,  with  other  terms, 
applied  to  the  rocks  of  the  S.  A^alley  hill,  while  Rogers  was  writing  of 
his  altered  primal  slates  which  in  C^  are  classed  among  the  gneisses, 
both  in  the  text  (p.  283,  etc.)  and  on  the  map.  The  map  does  not 
show  the  hydromica  schists  south  of  the  serpentine,  and  on  the  con- 
trary, on  p.  60  we  find,  "The  range  of  serpentine  and  limestone  expo- 
sures limit  it"  (hydromica  schist  belt)  "  through  Easttown,"  etc. 

P.  100.  "  Passage  beds,  from  the  talc  mica  slate  into  limestone,  are 
also  recognized  and  described  by  Mr.  Rogers,  on  p.  165,  as  visible  at 
Callwell's  (Colwell's)  furnace  at  the  mouth  of  Matzau's  (^Mattson's) 
run,  opposite  Conshohocken,  on  the  Schuylkill,  thus: 

1.  Talc  slate,  vertical,  on  the  iV.  slope  of  the  South  Valley  hill,  then 
going  north.  2.  Limestone.  3.  Talcoid  nacreous  slate  100'.  4. 
Limestone  impure  50'.  5.  Talcoid  garnetiferous  slate.  Limestone, 
raagnesian,  say,  200  feet  S.  of  Conshohocken  bridge." 

A  glance  at  the  map  in  C^  will  show  that  the  north  slope  of  the  S. 
Valley  hill  is  half  a  mile  North  of  the  Conshohocken  bridge. 

What  Rogers  really  wrote  (I,  165)  is:  "A  transverse  section  at 
Caldwell's  furnace  from  the  primal  slates  into  the  auroral  limestone 
displays  :  1.  Talc  slate  on  the  north  slope  of  the  bounding  ridge,"  and 
then  as  above.  Now  this  bounding  ridge  was  evidently  the  great 
gneissic  ridge,  with  Rogers'  altered  primal  slates  forming  its  northerly 
slope,  his  section  ending  at  the  southerly  slope  of  the  S.  Valley  hill. 

An  inspection  of  the  localities,  or  even  a  careful  reading  of  Rogers, 
would  have  prevented  such  blunders. 

P.  14.  "  South  Valley  hill,  or  hydromica  schist  belt  .  .  .  the 
Pennsylvania  Railroad  runs  along  the  ridge  from  Radnor  to  Frazer, 
about  13  miles,"  but  on  p.  39,  "West  of  Morgan's  corner"  (the  old 
name  of  Radnor  Station)  '' gneiss,  ma.ssive,  granitic,"  and  p.  282,  "The 
fragments  of  rock  just  X.  of  Radnor  Station  show  a  finely  laminated 
gnei.ss."  The  table  of  elevations  (p.  14)  shows  very  clearly  that  for 
some  distance  W.  of  Radnor  the  railroad  is  descending  the  gnei.ss  hill. 
P.  42,  describing  this  gneiss  belt,  "Garnets  are  entirely  ab.sent,"  while 
on  p.  286,  speaking  of  the  .same  belt  in  Ea.stto\vn,  "  The  whole  of  the 
.southern  part  of  the  township  is  composed  of  syenitic  granite  . 
7rith  garnets." 

The  map  of  Mr.  Hall,  alluded  to  in  the  text,  is  omitted,  except  as  a 
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mere  pasre  sketch  of  no  possible  value  in  a  complicated  region,  and  that 
of  Dr.  Frazer,  of  a  scale  one  inch  to  two  miles,  with  the  coloring  in 
dispute,  and  one  long  line  which  "has  no  geological  value  whatever,  but 
is  merely  a  temporary  expedient"  (p.  vi),  is  not  a  great  advance  over 
that  published  by  Rogers  twer.ty-five  years  ago.  All  the  gneisses  and 
mica  schists  south  of  the  S.  Valley  hill,  including  the  well-defined 
rock,  Rogers  altered  primal,  are  embraced  in  one  color.  The  trap  (pp. 
87  and  218)  on  the  N.  side  of  the  serpentine,  Easttown,  is  not  upon 
the  map. 

In  papers  published  in  the  Proc.  Min.  and  Geol.  See.  Acad.  Nat.  Sci., 
1880-81,  pp.  9  and  28,  Theo,  D.  Rand  asserted  that  the  serpentine 
in  Radnor  and  Easttown,  instead  of  outcropping  in  lines  which,  if 
prolonged,  would  meet,  as  mapped  by  Hall,*  and  by  Dr.  Frazer,  in 
the  present  volume,  had  an  echelon  structure,  the  strike  being  from 
S.  40  W.  to  S.  60  W.,  while  a  line  joining  the  exposures  would  be 
nearly  E.  and  W.,  and  called  attention  to  Rogers'  description  of  a 
similar  structure  of  the  trap  dykes  north  of  the  serpentine  quoted  in 
C*,  p.  87.  A  map  of  the  outcrops  was  published  with  the  text.  If 
these  outcrops  are  as  stated,  the  fact  is  of  interest ;  if  they  are  not, 
the  error  should  have  been  corrected.  In  a  criticism  of  the  map  by 
Dr.  Frazer,  in  1883,t  no  allegation  of  error  in  this  particular  is  made. 

In  the  same  papers  are  described  outcrops  of  a  sandstone  which  Mr. 
Rand  thought  was  identical  with  the  eurite  of  Barren  Hill,  etc.,  ad- 
mitted to  be  Potsdam,  and  also  a  sandstone  resembling  the  Potsdam 
of  the  North  Valley  hill,  found  on  the  north  slope  of  the  South  Val- 
ley hill.  These  rocks  do  not  appear  to  have  been  examined,  but  the 
broad  statement  is  made,  p.  34 :  "  The  quartzite  failed  altogether  on 
the  south  side  of  the  valley;"  and  page  124:  "But  no  Potsdam  sand- 
stone has  been  detected  anywhere  along  the  south  edge  of  the  lime- 
stone area.  Rogers  did  not  overlook  the  sandstone  along  the  south 
side  of  the  Chester  valley  (Vol.  L,  p.  166).  The  other  exposures 
were  probably  not  visible  when  his  survey  was  made. 

It'is  doubtless  true,  as  Prof.  I^esley  states  in  his  letter  of  transmittal, 
that  Dr.  Frazer  has  studied  the  region  with  thoroughness,  and  has 
recorded  a  large  number  of  observations,  taking  into  consideration 
the  very  limited  time  devoted  to  the  region — three  days  to  a  town- 
ship (p.  XX,);  but  that  this  report  adds  much  to  our  knowledge  of  the 

*  Proc.  A.  P.  S.,  vol.  xviii.,  p.  105. 
t  A7ner.  Nat.,  xvii.,  No.  5,  p.  523. 
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region  may  well  be  doubted.  In  the  letter  of  transmittal  may  be 
found  an  explanation.  "  Little  more  can  be  said  than  that  the  first 
geological  survey  did  something  to  reveal  the  structural  geology  of 
the  Philadelphia  Baltimore  belt,  and  that  the  second  geological  sur- 
vey has  added  its  mite  to  the  revelation,  but  that  a  great  deal  more 
light  must  be  thrown   upon   it   before  we  can  congratulate  ourselves 

upon   a   proper   and    satisfactory  knowledge  of  it We 

liave  an  abundant  knowledge  of  all  the  kinds  of  rocks  '  iOe  region 
.  .  .  .  merely  as  minerals  ....  and  there  is  quite  as 
much  information  respecting  their  localities  in  Delaware  and  Chester 
ounty  as  there  is  respecting  the  localities  of  coal  in  any  western 
comity  of  the  State.  It  would  be  quite  as  absurd  to  ask  of  the 
.  survey  ....  to  do  the  work  of  opening  up  con- 
tinuous outcrops  of  these  minerals  (and  we  must  presume  of 
mapping  those  that  are  known)  as  it  would  be  to  ask  the  survey 
to  prove  by  actual  digging  the  continuous  outcrops  of  the  Pittsburg 
or  the  Sharon  coal  beds.  What  the  State  provides 
through  the  geological  survey  is  such  general  investigation  of  the  field, 
such  an  examination  of  localities  as  will  result  in  a  just  and  practical 
understanding  of  geological  structuieJ' 

In  so  complicated  a  region  how  is  this  end  to  be  attained  without 
exactly  what  Prof.  Lesley  Si\ys  it  is  absurd  to  ask?  His  admission 
that  it  has  not  been  attained  or  even  approached  renders  the  compari- 
son hardly  fair  between  a  region  in  which  the  leaves  of  the  geological 
book  are  as  if  it  had  been  struck  on  its  edge  with  a  stcimi  hammer, 
with  one  in  which  they  arc  almost  as  smooth  and  regular  as  in  a  book 
fresh  from  the  binder's  hands. 

Admitting  the  difficulty  of  the  region,  admitting  the  fact  that  the 
rocks  vary  greatly,  and  that  a  determination  of  geological  age  must  be 
left  to  the  future,  is  it  not  the  only  true  plan  to  delineate  on  a  map  of 
ample  scale  the  formations  rw  they  are,  much  as  one  would  in  other 
branches  of  science  plot  observations  upon  a  series  of  abscisste  and 
ordinates,  hoping  thereby  to  get  a  curve  and  discover  a  law?  Is  there 
any  better  way?  T.  D.  J{. 
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Electric  Properties  of  Collodion. — J.  Seme  states  that  collo- 
dion, in  thin  sheets,  is  negative  towards  all  other  bodies.  In  inter- 
preting the  therapeutic  eifects  of  collodion,  account  should  be  taken 
of  its  electric  power.  Gutta  percha,  when  it  is  electrified,  presents 
modifications  which  are  analogous  to  those  of  collodion. —  Coviptes 
Mendus.  C. 

Electric  Furnace. — The  electric  furnace  possesses  two  great 
advantages — the  temperature  which  can  be  produced  is  only  limited 
by  the  refractory  resistance  of  the  crucible,  and  the  heat  is  developed 
in  the  materials  which  are  to  be  melted,  without  first  traversing  the 
recipient.  Six  pounds  of  forged  iron  were  submitted  for  twenty  min- 
utes to  the  action  of  the  arc,  and  the  metal  was  then  poured  into  a 
mould.  It  was  found  to  be  crystalline  and  could  not  be  forged.  This 
difficulty  may  be  remedied  by  adding  a  little  manganes-e  before  pour- 
ing out ;  but  the  reason  of  this  action  is  not  understood.  Three- 
quarters  of  a  pound  of  copper  were  melted  in  charcoal  dust  for  an 
hour,  at  the  end  of  which  time  all  but  three-quarters  of  an  ounce  had 
been  vaporized.  The  persons  who  were  present  did  not  perceive  any 
disagreeable  effects  from  the  atmosphere  which  they  were  obliged  to 
breathe.  Eight  pounds  of  platinum  were  entirely  melted  in  about  a 
quarter  of  an  hour.  A  half  pound  of  powdered  tungsten  was  sub- 
mitted to  the  action  of  the  electric  arc,  in  a  clay  crucible.  Very  dense 
fumes  escaped,  and  a  cavity  about  a  half  inch  deep  formed  at  the  sum- 
mit. The  metal  appeared  to  have  been  melted  to  only  a  very  slight 
depth  below  the  cavity.  The  unmelted  portion  was  covered  M'ith  very 
beautiful  crystals,  which,  when  examined  by  a  microscope,  were  found 
to  be  prismatic,  but  they  were  not  very  uniform.  The  crystals  were 
evidently  formed  by  the  slow  cooling  of  the  distilled  vapor.  Experi- 
ments were  tried  with  various  other  metals,  showing  that  the  quantity 
of  any  given  metal  which  can  be  completely  melted  in  an  electric  fur- 
nace, and  the  time  required  for  the  fusion,  depend  upon  the  interval 
between  the  point  of  fusion  and  the  point  of  vaporizing,  as  well  as 
upon  the  thermal  conductibility  of  the  metal.  Thus  it  happens  that 
platinum  is  melted  much  more  easily  than  steel,  and  in  a  much  greater 
quantity,  for  the  same  expenditure  of  energy. — L* Electricien,  Jan.  1, 
1883.  C. 
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Rapid  Formation  of  Mineral  Veins. — Dr.  Fleitmann  has 
found  that  the  formation  of  mineral  veins  requires  much  less  time 
than  has  usually  been  supposed.  About  two  years  ago  he  filled  a 
ditch  with  clay  which  contained  iron.  Having  had  occasion  to  open 
the  ditch  again,  he  discovered,  to  his  great  surprise,  that  the  clay  had 
entirely  changed  its  character,  and  had  become  white.  Moreover,  it 
was  divided  in  various  directions  by  fissures,  with  sections  varying 
from  yV  to  \  of  an  inch,  which  were  filled  with  compact  iron  pyrites. 
He  supposes  that  the  oxide  of  iron  in  the  clay  Avas  changed  into  sul- 
phate of  iron  by  contact  with  water  which  contained  sulphate  of  ammo- 
nia.— Les  Mondes,  March  4,  1883.  C. 

Ingenious  Rat  Trap. — Capt.  Godreuil  had  a  ship  infested  with 
rats,  which  devoured  his  provisions  and  his  rigging.  He  took  an 
empty  flour  barrel,  leaving  only  three  hoops,  one  at  the  top,  one  at  the 
bottom,  and  one  in  the  middle,  so  that  the  rats  could  not  climb  up  on 
the  outside.  He  placed  abov'e  it  a  cover,  with  a  diameter  a  little  less 
than  that  of  the  barrel,  and  supported  it  on  two  pivots,  so  that  it 
would  rock  under  the  least  weight.  Under  the  centre  he  placed  a 
hook,  to  which  he  suspended  a  bit  of  toasted  bacon  ;  finally,  a  strip  of 
plank,  forming  an  inclined  plane,  extended  a  little  above  the  barrel. 
When  the  rats  reached  the  top  of  the  plank  they  leaped  upon  the 
cover,  wiiicli  rocked  under  their  weight,  and  they  fell  to  the  bottom  of 
the  barrel,  from  which  they  could  not  escape,  the  staves  being  closely 
joined,  and  smeared  with  tallow. — Les  Mondes,  Feb.  10,  1883.      C. 

Bridge  Travel  in,  London. — Proposals  having  been  made  for 
building  a  new  bridge  over  the  Thames,  statistics  have  been  collected 
to  show  the  amount  of  travel  over  the  present  bridges.  Tiie  following 
table  shows  the  average  daily  travel  over  a  few  of  the  principal  bridges : 

London 110,52-5  pedestrians,  22,242  vehicles. 

Black  Friar's 79,198  "  13,875 

Westminster 44,460  "  11,750  " 

Waterloo 32,815  "  10,370  " 

Southwark 25,507  "  3,340  " 

Vauxhall 17,828  "  5,453  " 

Charinj;  Cross 10,130  " 

Chi'lsea 14,500  "  2,338  " 

Hnttcrsea 10,260  "  1,342  " 

The  addition  of  the  otiicr  bridges  gives  a  total  of  .^84,042  pedes- 
trians, and  7o,32o  vehicles. — Dinyler\  Jour.,  Jan.  24,  18^3.  C. 
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Factory  Chimneys. — It  is  well  known  that  the  round  form  is 
the  best  for  the  chimneys  of  factories  and  workshops.  It  facilitates 
the  escape  of  the  smoke,  and  gives  less  hold  for  the  wind,  besides 
requiring  less  material  for  construction.  Round  chimneys,  however,  are 
more  difficult  to  build,  so  that  in  some  places  the  want  of  workmen 
who  are  skilled  in  this  kind  of  construction  leads  to  the  adoption  of  a 
square  or  octagonal  section.  In  order  to  facilitate  the  erection  of 
round  chimneys,  M.  Houzen,  of  Nuremberg,  prepares  materials  cut  in 
the  form  of  wedges,  corresponding  with  the  radius  which  the  chimney 
is  to  have,  so  that  the  construction  presents  no  kind  of  difficulty. — 
Chron.  Industr.,  Feb.  18,  1883.  C. 

Spectroscopic  Estimates  of  Atmospheric  Absorption. — 

Cornu  has  been  led,  by  his  investigations  of  the  atmospheric  absorption 
of  the  ultra-violet  rays,  to  examine  the  relation  between  that  phenome- 
non and  the  absorption  of  the  visible  rays.  His  attention  was  especially 
directed  to  Brewster's  dark  bands,  which  are  generally  known  as  tel- 
luric rays,  the  intensity  of  which  increases  with  the  thickness  of  the 
atmosphere  which  they  traverse.  He  finds  that  the  amount  of  absorb- 
ing matter  may  be  estimated  by  the  sines  of  the  altitude  from  the  sun 
at  which  a  telluric  ray  has  the  same  intensity  with  a  metallic  ray. 
Hence  may  be  deduced  a  very  simple  method  for  estimating,  at  any 
moment,  the  total  amount  of  vapor  which  exists  in  the  atmosphere. — 
Comptes  Rendus,  Nov.  6,  1882.  C. 

Azotine. — iM.  Heddebault  has  discovered  a  method  of  preparing 
soluble  wool  from  tissues  in  which  wool  and  cotton  are  combined. 
When  subjected  to  a  current  of  superheated  steam,  under  a  pressure  of 
five  atmospheres,  the  m'ooI  melts  and  falls  to  the  bottom  of  tlie  pan, 
leaving  the  cotton,  linen,  and  other  vegetable  fibres,  clean  and  in  a 
condition  suitable  for  paper  making.  The  melted  wool  is  afterwards 
evaporated  to  dryness,  when  it  becomes  completely  soluble  in  water 
and  is  called  azotine.  The  increased  value  of  the  rags  is  sufficient  to 
cover  the  whole  cost  of  the  operation,  so  that  the  azotine  is  produced 
without  cost.  It  contains  all  its  nitrogen  in  a  soluble  condition  and 
can,  therefore,  be  compared  to  dried  blood,  which  is  worth  2.50  francs 
per  kilogramme  of  nitrogen.  M.  Ladureau  regards  this  discovery  as 
one  of  great  interest  for  agriculture  and  mechanical  industry. — Soc. 
Industr.  du  Nord.  C. 
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Magnetism  of  Steel  at  Different  Temperatures. — Prof. 
Poloni  has  been  experimenting  upon  tlie  influence  of  heat  on  the  per- 
manent mao'netism  of  steel.  He  finds  that  the  diminution  of  mag;- 
netic  intensity,  by  the  increase  of  temperature  in  the  steel  bar,  has  no 
rigid  relation  to  the  increase  of  electric  resi.stance  in  the  metal  itself. 
Indeed,  while  the  permanent  magnetism  diminishes  with  increasing 
rapidity  up  to  a  temperature  of  about  200°  (328 °F.),  and  then  less 
rapidly  up  to  300°  (508 °F.),  becoming  inappreciable  at  red-heat,  the 
electric  conduct ibility  of  the  iron  diminishes  uniformly  with  the  increase 
of  temperature. — Chron.  Industr.,  Jan.  7,  1883.  C. 

Electric  Currents  Produced  by  Nitrates. — M.  Brard  has 

coramunictited  some  investigations  to  the  French  Academy,  which  give 
the  following  results:  1.  On  plunging  a  red-hot  carbon  into  a  bath  of 
melted  nitrate  an  energetic  current  flows  from  the  bath  into  the  exte- 
rior circuit.  2.  The  melted  nitrates  become  very  fluid,  and  like  greasy 
bodies  lubriaite  the  heated  bodies  with  which  they  come  in  contact. 
3.  In  order  to  obtain  a  current  it  is  not  neces.sary  to  plunge  the  carbon 
into  the  nitrate  batli,  but  it  suffices  to  place  a  metal  capsule  contiviniug 
some  grains  of  the  melted  nitrate  upon  the  burning  carbons.  M. 
Brard  is  continuing  his  experiments  with  a  view  to  apply  them  prac- 
tically in  the  production  of  light  and  heat. — Lcs  Jlondes,  Jan.  13, 
1883.  C. 

Photographs  of  the  Great  Comet.— Six  photographs  of  the 
late  comet,  which  were  taken  at  the  observatory  of  the  Cape  of  Good 
Hope  by  D.  Gill,  were  sent  to  the  Paris  observatory  and  presented  to 
the  Academy  by  Admiral  Monchez,  who  pronounced  them  the  finest 
that  he  had  .seen.  The  .stars  in  the  centre  of  the  image  are  reduced  to 
a  point  of  remarkable  sharpne.s.s,  in  .spite  of  the  very  long  duration  of 
the  exposure,  which  amounted  to  140  minutes  for  the  sixth  negative. 
More  than  fifty  .stars  are  .seen  through  the  tail  of  the  comet.  The 
slight  increa.se  of  diameter,  whicli  is  ob.served  in  the  stars  remote  from 
the  centre,  is  due  to  the  employment  of  an  apparatus  with  too  short  a 
focus.  Tlie  fine  result  is  explained  by  the  well-known  skill  of  the 
photogra})her  and  the  purity  of  the  South  African  sky.  Tlie  success 
of  the  experiment  encourages  the  hope  that  it  will  soon  bo  possible  to 
make  excellent  celestial  charts  by  j)hotography.  —  ('oniptes  lieiidiis, 
Dec.  2G,  1882.  .         C. 
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Absorption  by  the  Humors  of  the  Eye.— M.  de  Chardonnet 
finds  that  most  of  the  rays  of  the  solar  spectrum  traverse  the  cornea 
and  the  vitreous  humor,  but  the  spectrum  of  the  crystalline  lens  cor- 
responds exactly  to  the  visible  spectrum,  and  he  thinks  tliat  lens 
has  the  physiological  function  of  intercepting  all  the  ultra-violet  rays. 
He  was,  therefore,  led  to  inquire  whether  our  failure  to  see  those  rays 
is  owing  to  an  insensibility  of  the  retina  or  to  the  fact  that  the  rays  do 
not  reach  it.  Dr.  Saillard  furnished  him  with  two  subjects,  who  had 
had  the  crystalline  lens  removed  in  operations  for  cataract.  The  retina, 
in  both  cases,  was  as  sensitive  to  the  ultra-violet  rays  as  to  the  visible 
rays. — Comptes  Rendus,  Feb.  19,  1883.  -  C. 

Age  of  Vegetables. — It  is  generally  thought  that  the  age  of 
trees  may  be  ascertained  by  the  number  of  concentric  ligneous  layers, 
each  layer  corresponding  to  the  growth  of  a  year.  This  principle  is 
not  applicable  to  tropical  and  equatorial  trees,  as  is  shown  by  the  fol- 
lowing fact.  M.  Charencey  visited  the  ruins  of  Palenque,  in  Mexico, 
in  1859  and  in  1881.  On  one  occasion  he  cut  oflP  the  branch  of  a 
shrub,  which  he  judged  by  its  size  to  be  about  eighteen  months  old, 
but  he  found  eighteen  concentric  layers.  On  his  first  expedition  his 
party  cut  down  several  trees,  in  order  to  get  at  the  pyramid.  New 
shoots  have  since  grown,  which  must,  of  course,  all  be  of  the  same 
age,  twenty-two  years.  On  one  of  them  M.  Charencey  counted  230 
concentric  layers. — Les  Mondes,  Feb.  10,  1883. 

Modifications   of   Glass   at    Moderate    Temperatures.— 

Messieurs  Crafts  and  Fernet  have  presented  some  recent  communica- 
tions to  the  French  Academy,  relatively  to  the  changes  which  thermo- 
meters undergo  when  they  are  heated  for  a  long  time.  In  manufacto- 
ries of  printers'  ink,  where  oils  are  heated  to  a  temperature  of  270° 
(538°F.)  for  many  days,  the  most  accurate~thermometers  often  become 
so  changed  as  to  indicate  errors  of  ten  or  moi'e  degrees.  J.  Salleron 
calls  attention  to  similar  changes  at  much  lower  temperatures.  The 
areometers  which  are  employed  in  sugar  refineries  where  molasses  is 
treated  by  osmosis,  are  plunged  for  many  days  in  liquids  which  are 
heated  to  95°  (203°F.).  Although  this  temperature  is  below  the  boil- 
ing point  of  water,  it  is  sufficient  to  completely  modify  the  areometers 
and  to  soften  the  glass  enough  to  make  them  untrustworthy. —  Comptes 
Rendus.  C. 
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Cement  for  Glass. — A  concentrated  solution  of  bichromate  of 
potash  and  glue  makes  an  excellent  cement  for  repairing  articles  of 
broken  glass.  After  covering  the  fractured  surfaces  Avith  this  solution 
they  are  brought  together  and  exposed  to  the  action  of  the  sun. 
This  cement  resists  boiling  water. — Gacela  Industj'iul,  ^larch  10, 
1883.  C. 

Detection  of  Wood  Fibres  in  Paper.— As  wood  changes  under 

the  influence  of  the  air,  growing  brown  and  consequently  diminishing 
the  durability  of  the  paper  in  which  it  has  been  employed,  it  is  of 
great  importance,  both  for  the  dealer  and  for  the  consumer,  to  be  able 
to  ascertain  Avhether  a  given  sample  of  paper  contains  woody  fibres  or 
not.  For  this  purpose  a  solution  of  sulphate  of  aniline,  or  a  mixture  of 
one  part  sulphuric  acid,  three  parts  nitric  acid  may  be  employed.  Either 
of  these  solutions  produces  immediately  a  yellow  color  upon  the  paper 
if  it  contains  wood,  the  depth  of  the  yellow  shade  increasing  as  the 
proportion  of  wood  increases. — Chron.  Industr.,  Feb.  25,  1883. 

Relation  of  Electromotive  Force  to  Velocity  of  Rotation. 

— In  his  recent  lectures  at  the  College  of  France,  Maurice  Levy  has 
given  equations  which  rigorously  define  the  electric  field  and  the  mag- 
netic field  of  a  dynamo-electric  machine  in  its  permanent  state. 
Although  the  equations  cannot  be  integrated,  he  has  deduced  many 
conse(juences,  among  which  he  calls  especial  attention  to  the  following  : 
The  electromotive  force  of  a  dynamo  electric  machine  is  not,  as  has 
been  commonly  thought,  proportional  to  the  velocity  of  its  coils;  it 
can  oidybe  expressed  by  an  infinite  series,  arranged  according  to  the 
integral  powers  of  that  quantity. — Comptes  ReudUs,  Nov.  6,  1882.    C. 

Hollow  Magnets.— ^^'hilc  Preece  has  found  that  there  is  no  dif- 
ference in  the  conducting  power  of  lightning  rods  of  various  forms, 
lioltz  has  concluded  that  solid  steel  bars  do  not  form  so  good  perma- 
nent magnets  as  tubes,  because  the  core  acts  its  an  armature  joining  the 
two  poles.  In  experimenting  to  test  his  hypothesis,  he  magnetized 
rods  and  tul)es  to  saturation,  and  found  that  the  magnetism  of  the  tube 
showed  an  excess  of  more  than  50  per  cent.  After  waitir.g  six  months, 
he  subjected  the  same  magnets  to  new  tests,  in  order  to  find  which 
retained  the  magnetism  best.  lie  found  that  the  magnetism  of  the 
solid  was  to  that  of  the  hollow  magnets,  in  one  case  as  1 :  2*5,  in  another 
as  1  :2*9. —  W'ied.  Anndlcn  C. 
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Tail  of  the  Great  Comet  of  1882.— Terby,  in  concluding  the 
report  of  his  observations  upon  tlie  aspect  and  positions  of  tlie  last 
great  comet,  concurs  in  tlie  opinion  of  Cruls,  that  the  appearances 
may  be  explained  upon  the  hypothesis  of  a  triple  tail,  of  which  the 
three  elements  were  almost  wholly  superposed  in  September,  and  were 
gradually  unfolded  before  terrestrial  observers  during  the  months  of 
October  and  November.  One  of  these  tails  was  directed  almost  exactly 
in  the  line  of  the  prolonged  radius  vector,  as  in  the  case  of  Donati's 
comet.  The  others  were  more  curved. — Bui.  de  VAcad.  de  Belg., 
1883.  C. 

Spectral  Lines  of  Cruls'  Comet. — Cruls,  in  a  letter  to  Faye, 
gives  the  mean  of  numerous  micrometric  measurements  of  the  spectral 
lines,  and  also  of  the  lines  whieh  were  given  by  the  blue  flame  of  a 
Bunsen  burner  in  which  he  had  introduced  chloride  of  sodium  : 

Comet.  Burner. 

38M5   37^86 

42  -12  41  -60 

50  -43  50  -00 

62  -58  62  -30 

The  measurements  are  given  in  turns  of  the  micrometer  {t).  The 
spectrum  of  the  tail  was  like  that  of  the  nucleus,  but  the  lines  were 
much  fainter, —  Comptes  Rendus,  Nov.  6,  1882.  C. 

Displacement  of  Spectral  Lines  in  the  Late  Comet.— In 

examining  the  comet  of  1882,  by  a  spectroscope  of  a  single  prism, 
Thollon  and  Gouy  were  able  not  only  to  prove  the  existence  of  the 
bright  lines  of  sodium,  but  also  their  displacement  towards  the  red,  a 
displacement  which  they  estimated  at  J  or  i  of  the  interval  between 
the  two  sodium  lines  JJ^  and  D.,.  They  concluded  that  the  comet  was 
removing  from  the  earth  at  that  moment  with  a  velocity  of  from  61 
to  76  kilometres  per  second.  They  looked  with  great  interest  for  an 
opportunity  of  verifying  their  conclusions,  but  nothing  was  then 
known  regarding  the  comet's  orbit.  M.  Bigourdan  has  since  found 
that  the  comet  was  then  moving  with  a  mean  velocity  of  73  kilome- 
tres per  second.  This  acc^ordance  shows  the  certainty  of  spectroscopic 
indications  in  such  cases.  It  also  shows  that  the  vapors  of  sodium, 
which  surrounded  the  cometary  nucleus,  followed  the  same  path  and 
made  part  of  tlie  constituent  elements  of  the  comet.  It  also  confirms, 
in  a  remarkable  manner,  the  law  of  the  change  of  wave  lengths  pro- 
duced by  the  movement  of  the  luminous  body. — Comptes  Rendus, 
Feb.  5,  1883.  '  C. 
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Thickness  of  Electric  Layers.— M.  Lippmann  has  pointed  out 
some  numerical  applications  of  Helmholtz's  theory  of  double  electric 
layers.  He  .shows,  at  first,  that  the  hypothesis  of  the  double  layer 
conducts  to  a  parabolic  relation  of  the  second  degree,  between  the  capil- 
lary tension  and  the  difference  of  potential ;  experiment  verifies  this 
deduction.  Admitting  the  hypothesis  of  the  double  layer,  its  thick- 
ness may  be  calculated  by  means  of  the  well-kuwn  formula  which 
gives  the  capacity  of  a  thin  layer  as  a  function  of  its  thickness.  The 
thickness  is  thus  found  to  be  g-j-ooVoTnT  ^^  ^  millimetre,  which  repre- 
sents the  distance  between  the  mercury  and  the  superposed  water. — 
Chron.  Iiidustr.,  Jan.  7,  1883.  C. 

Light  Motors. — In  an  excellent  article  which  appeared  in  a  late 
number  of  the  Aeronaut,  David  Napoli,  President  of  the  Societe  de 
Navigation  A^rienne,  examines  the  comparative  desirability  of  steam 
and  electric  motors  for  propelling  long  balloons.  He  found  that  a 
twenty-horse  steam  engine,  working  for  ten  hours,  would  consume  200 
kilogrammes  of  coal  and  1,400  kilogrammes  of  water.  An  electric 
engine  of  twenty-horse  po\ver,  with  all  its  supplies  for  ten  hours'  ser- 
vice, would  weigh  about  1,400  kilogrammes,  which  is  less  than  the 
bare  consumption  of  material  in  the  steam  engine,  leaving  out  of  the 
question  the  Aveight  of  the  generator  and  of  the  mechanism  of  trans- 
mi.ssion. — Chron.  Industr.,  April  15,  1883.  C. 

Explosion  of  an  Open  Kettle. — At  a  factory  in  Neusalz,  a 
large  ca.st  iron  wa.sli  kettle  was  used  to  hold  water,  into  which  melted 
iron  was  allowed  to  flow,  in  a  moderate  stream,  for  making  iron  shot. 
On  October  23,  1882,  one  of  the  workmen  by  mistake  allowed  the 
iron  to  flow  too  rapidly.  There  was  a  sudden  development  of  steam, 
which  threw  out  a  part  of  the  water,  frightening  the  laborer  and  caus- 
ing him  to  drop  his  ladle,  so  that  about  20  kilogrammes  (44  pounds) 
of  melted  iron  fell  at  once  into  the  water.  There  was  an  immediate 
rapid  outburst  of  steam  and  a  loud  explosion,  which  shattered  the 
kettle  into  fragments,  tore  up  the  wood  Avork,  threw  the  workman 
nearlv  eight  feet  backwards  and  l)r()ke  his  right  leg.  Only  very  small 
pieces  of  the  kettle  were  found  where  it  stood ;  some  of  them  were 
thrown  to  a  distance  of  about  fifty  feet. — Dingler^s  Jour.,  March  7, 
1883.  C. 
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An  Arabic  Celestial  Globe  of  the  Eleventh  Century.— In 

the  philosophical  cabiuet  of  the  Royal  Institute  of  Florence,  many  of 
thf  insti'uments  of  Galileo  and  other  students  of  astronomy  and  physics 
are  preserved.  Among  them  is  an  Arabic  celestial  globe,  of  which 
F.  Meucci  has  published  an  interesting  description.  It  has  not  been 
long  in  possession  of  the  Institute  and  no  one  suspected  its  antiquity 
until  recently.  The  one  which  is  in  the  Borgian  Museum,  at  Velletri, 
which  was  described  by  Assemani,  in  1790,  and  which  dates  from  the 
year  1225,  has  hitherto  been  regarded  as  the  oldest.  There  are  two 
others  of  the  same  century,  one  of  A.  D.  1275,  owned  by  the  Royal 
Asiatic  Society  of  London,  the  other  of  A.  D.  128!),  in  the  mathemati- 
cal Saloon  at  Dresden.  There  are  also  two,  one  owned  by  the  Royal 
Astronomical  Society  of  London  and  the  other  by  the  National  Library 
of  Paris,  both  of  which  are  without  date.  Meucci's  curiosity  was  first 
awakened  by  observing  that  the  longitude  of  the  stars  showed  that  the 
globe  mast  have  been  constructed  about  the  year  1075.  On  closer 
examination,  he  found  an  Arabic  inscription  around  the  Antarctic 
Circle,  which  he  submitted  for  translation  to  the  learned  orientalist. 
Prof.  F.  Lasinio.  He  presented  a  note  to  the  Society,  in  a  meeting 
which  was  attended  by  the  Emperor  of  Brazil,  in  which  he  stated  that 
the  inscriptions  were  in  cufic  characters,  and  that  the  globe  "  was  made 
by  Ibrahim  Ibn  Said  as-Sahli  and  his  son  Muhammad;  the  work  was 
finished  in  Valenza,  in  the  beginning  of  the  month  of  Safar,  in  the 
year  473  of  the  Hegira  (corresponding  to  the  22d  of  July,  1080)." 
The  diameter  of  the  globe  is  209  millimetres  (8*23  inches).  It  is 
composed  of  two  hemispheres  of  brass,  soldered  together,  and  it  gives 
the  arrangement  of  stars  and  constellations  which  was  adopted  by 
Ptolemy.  Among  the  Southern  constellations,  the  Cup  (Cratera), 
which  should  have  been  placed  between  the  second  and  third  coils  ol 
the  Hydra,  is  wanting;  all  the  other  constellations  are  very  well 
engraved.  The  positions  of  1015  stars  are  given  and  their  magnitude 
is  well  marked,  inasmuch  as  every  point,  which  is  engraved  to  give 
the  precise  position  of  a  star,  is  the  centre  of  a  little  circle,  which 
diminishes  in  diameter  from  the  first  to  the  sixth  magnitude.  The 
two  circles  of  the  equator  and  the  ecliptic  are  divided  by  means  of 
little  lines  into  360  degrees,  every  fifth  degree  being  marked  by 
cufic  numeral  figures.  The  zero  of  the  equator  is  at  its  intersection 
with  the  ecliptic,  in  the  beginning  of  the  sign  Aries.  Twelve 
great   (;ircles   of    declination,   lightly   engraved,   divide   the   ecliptic 
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into  its  twelve  signs.  Forty-seven  constellations  are  represented,  21 
of  which  are  in  the  Northern  hemisphere,  12  in  the  Zodiac,  and  14  in 
the  Southern  iiemisphere.  A  heart-shaped  curved  line  incloses  the  six 
stars  near  Aquilla,  which  represent,  upon  our  celestial  globes,  the  con- 
stellation of  Antinous.  This  constellation  and  that  of  Berenices' 
Hair  were  introduced  by  Tycho  Bralie,  in  tlie  IGtli  century.  On  tiiis 
globe,  as  upon  other  Arabic  globes,  the  figures  face  the  observer  instead 
of  looking  towards  the  centre  of  the  sphere.  Therefore  the  stars  which 
are  upon  the  right  side  of  a  constellation  on  our  globes  are  on  the  left 
side  on  the  Arabic  globes,  and  rice  versa. — Pub.  del.  R.  Instituto, 
1878.  C. 

Charlemagne's  Bridge  over  the  Rhine.— Xear  the  close  of 
the  eighth  century,  Charlemagne  ordered  the  construction,  over  the 
Rhine,  of  a  bridge  resting  on  twenty-eight  buttresses.  The  bridge 
was  struck  by  lightning  and  burnt  to  the  level  of  the  water.  German 
engineers  are  now  removing  the  remains  of  the  old  structure,  on  the 
Mayence  side.  They  have  already  taken  out  fifty  piles,  with  the 
lengths  of  five  or  six  meters  (o*4(38  to  6"562  yards).  The  wood,  which 
is  nearly  eleven  hundred  years  old,  is  so  well  preserved  that  it  can  still 
be  used  in  building;  the  iron,  which  was  riveted  to  the  posts,  can  also 
be  used,  since  it  is  covered  only  with  a  thin  layer  of  rust. —  Chron. 
Industr.  C. 

The  Eden  Theatre  of  Paris. — This  building,  constructed  at 
great  expense  in  one  of  the  richest  quarters  of  Paris,  near  the  left  of 
the  new  Opera  House,  presents  a  general  effect  of  decoration  surpass- 
ing in  splendor  all  that  has  hitherto  been  undertaken  in  Paris  or  other 
capitals.  The  facade  of  Rue  Boudreau  is  built  of  Palotte  stone,  of  a 
creamy  whiteness,  with  columns  of  Scotch  sandstone,  Venetian 
mosaics,  huge  elephants'  heads,  shcjives  of  gilded  zinc,  and  pyramids 
crowning  all  the  upper  portion;  the  gix  grand  lanterns  of  forged  iron 
with  colored  glass,  suspended  at  the  height  of  tlie  cornice  of  the  third 
story,  brilliantly  illuminate  the  whole  ground  floor,  the  streets  and  the 
neighboring  fronts.  The  general  effect  of  the  Indian  architecture  is 
heavy,  and  violates  many  of  the  rules  of  delicate  architectural  taste, 
but  the  richness  of  the  ornamental  details,  especially  when  the  build- 
ing is  illuminated,  gives  an  impression  of  fairyland. — Lumii're  Elec- 
/r/^we,  April  14,  1883.  C. 
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Chemical  Applications  of  Electricity. — Among  the  electrical 

processes  which  encourage  great  hopes  for  tlie  future,  those  which 
bear  upon  the  industry  of  chemical  products  and  the  preparation  of 
metals  have  been  somewhat  overlooked.  It  is  well  to  remember  that 
the  dynamos,  in  the  estimation  of  their  inventor,  were  designed  to  take 
the  place  of  batteries  in  galvanoplasty,  before  they  were  applied  to  the 
unexpected  uses  of  lighting  and  of  mechanical  transmission.  Indus- 
trial chemistry  will  undoubtedly  draAV  advantages  from  the  resources 
which  are  offered  by  the  electric  current.  The  last  international  elec- 
trical exhibition  shoAved  how  to  prepare  metals  chemically  pure,  to 
extract  the  precious  metals  from  their  salts  or  their  alloys,  to  treat 
ores,  and  to  form  some  special  combinations  for  dyeing.  While  the 
French  houses  were  spreading  before  our  eyes  the  wonders  of  artistic 
galvanoplasty,  L6trange  published  his  researches  upon  the  preparation 
of  zinc,  Wohlwill  displayed  a  wonderful  collection  of  metals  deposited 
electrically,  and  Goppelsroder,  with  the  modesty  of  a  savant,  pre- 
sented  specimens  of  colors  obtained    by  electrolysis, — L'JElectricien, 

No.  40.  a. 


Electric  Transmission  of  Force. — It  was  at  first  reported  that 
Marcel  Deprez  had  succeeded  in  transmitting  60  per  cent,  of  the 
mechanical  efficiency  of  a  motor,  by  electricity,  from  Miesbach  to 
Munich.  It  was  afterwards  found  that  the  industrial  or  economical 
transmission  differs  considerably  from  the  electric.  The  electric 
transmission,  as  measured,  appears  to  have  varied  from  50  per  cent, 
to  something  more  than  60  per  cent.,  while  the  industrial  oscillated 
between  25  per  cent.,  in  the  first  experiment,  and  something  more 
than  35  per  cent,  in  the  second.  Deprez's  experiments  at  the  Munich 
exhibition  were  very  beautiful  from  a  scientific  point  of  view,  and 
they  seem  to  have  .shown  that  we  may  reasonbly  hope  to  transport 
to  a  great  distance  more  than  a  fourth  of  the  force  produced  by  a 
motor ;  but  such  a  transmission,  with  a  few  exceptional  cases,  does 
not  offer  any  great  practical  advantage  from  the  adoption  of  the 
new  system.  It  may  be  useful  in  rendering  available  the  power  of 
great  waterfalls,  and  .science  cannot  be  too  grateful  for  the  patient 
researches  with  which  Deprez  devotes  himself  to  the  construction  of 
machinery  for^that  purpose. — L'Electricien,  No.  40.  C. 
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The  writer,  at  the  meeting  of  1882  of  the  American  Association  for 
the  Advancement  of  Science,  in  a  paper  on  a  newly  discovered  "Abso- 
hite  Limit  to  Expansion  in  the  Steam  Engine,"*  gave  what  he  has 
called  the  "  General  Equation  of  Steam  Engine  Efficiency." 

In  that  equation  it  was  assumed  that  the  annual  exjrense  chargeable 
to,  or  variable  with,  the  cost  of  engine  maintenance  and  operation 
could  be  reckoned  per  unit  of  volume  of  steam  cylinder  without  serious 
error.  Although  this  is  often,  and  with  large  engines  generally,  true, 
and  although  it  may  not  lead  to  ap])reciably  erroneous  results,  it  may 
yet  be  sometimes  advisable  to  adopt  the  more  general  formula  about  to 
be  given  and  wiiich  may  be  made  as  general  and  as  exact  as  may  be 
desired. 

In  the  equation  above  referred  to,  an  approximate  form  was  adopted 
— making  the  denominator  variable  with  variation  of  the  waste  by 
cylinder  condensation  and  leakage,  instead  of  the  second  term  in  the 
numerator — for  the  j)urpose  of  obtaining  a  more  manageable,  ahhough 
less  precise  expression. 

The  equation  to  be  here  given  may  be  used  when  greater  precision 

*  Trans.  Am.  Assoc,  for  Adv.  Science,  1882  ;  J<»rRNAii  of  the  Franklin 
Institute,  September,  188:2. 
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and  a  wider  range  of  application  is  thought  desirable  than  could  be 
secured  with  the  equation  already  given  for  general  use  in  earlier 
pajsers.* 

Adopting  the  nomenclature  assumed  in  the  earlier  treatment  of  the 
subject,  but  making  the  ''costs  of  engine"  vary  as  a  function — j'^v^^^ — 
of  the  size  of  steam  cylinder  or  volume  traversed  by  the  piston  per 
stroke,  and  the  ratio  of  expansion. 

A  =  total  annual  cost  of  all  items  variable  with  size  of  steam  cylin- 
der and  per  unit  of  volume ;  i.  e.,  "  cost  of  steam." 

r"t7i  =  ^2™  =  ^^^6  ^^  variation  of  such  costs  with  variation  of  size 
of  cylinder ;  such  that 

J.r"i'i™  =  Av^  =  total  annual  costs  so  variable  for  an  engine  of 
volume  :   v^  =  i'i\ ; 

B  =■  total  annual  cost,  per  unit  of  volume  of  steam  supplied,  of  all 
items  v^ariable  with  such  volume;  i.  e.,  with  "cost  of  steam;" 

C=  total  of  all  annual  costs  invariable  within  the  range  of  the 
problem ; 

a  =  ^=  ratio,  volume  of  steam  supplied  at  full  stroke  divided  by 

^'        .  . 

volume  of  cylinder — a  quantity  always  greater  than  unity. 

r**  =  the  measure  of  the  variation  of  this  relation  with  variation  of 
the  expansion-ratio ;  so  that 

a  B  r"^  i\  =  total  annual  cost  of  all  items  so  variable  for  any  engine 
supplied  with  a  net  volume  of  steam  v^  per  stroke  and  working  with  a 
ratio  of  expansion  r. 

K  =  total  annual  cost  of  all  items  in  doing  total  work ; 

n  =  index  of  the  expansion  curve,  in  the  equation  p  v "  =  p^  i\^  = 
constant ; 

p^  =  initial  steam  pressure; 

p^  =  total  back  pressure,  including  all  useless  resistances ; 

p^  =  back  pressure  in  the  steam  cylinder ; 

R  =  number  of  revolutions  of  crank  per  annum  ; 
W  =  work  done  per  stroke  by  the  given  engine  under  the  assigned 
conditions; 

Also  make  the  values 

Ba  Ba 

*  Trans.  Am.  Soc.  Mech.  Eng'rs,  1882 ;  Journal  of  the  Fkanklin 
iNS'yTUTE,  February  to  July,  1882. 
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The  annual  cost  of  doing  the  given  work  will  consist  of  the  sum  of 
the  annual  costs  variable  with  size  of  engine,  A  r""  Vj™ ;  the  annual 
costs  variable  with  steam  supply,  a  B  r'>  t\ ;  and  the  invariable  cost, 
C '  i.  e. 

K=  A  /•"'  v,^  +  Bar'^  v,  +  C  (1) 

which  is  a  minimum  when  the  variable  part  is  a  minimum,  and  this 
latter  is  a  function  of  the  work  to  be  done  and  of  size  of  engine  taken 
to  do  that  work. 

We  may  thus  take  up  the  problem  of  the  designer  and  of  the  buyer 
of  a  steam  engine: 

Given :  The  Avork  to  be  done  by  an  engine. 

Required:  The  ratio  of  expansion  at  which  the  demanded  power 
may  be  furnished  most  economically. 

This  problem  being  solved,  and  this  ratio  of  expansion  being  deter- 
mined, the  mean  pressure  becomes  known  and  the  necessary  size  of 
engine  is  easily  calculated. 

The  work  done  per  stroke  is 

Tf^—  p^i\  ^ —  —  2\  n-i  =  Con.st.  (2) 

n  —  1 


It  is  necessary  to  "  minimize  " 

A'      _  A  ?•"  r,""  +  Ba  y^  x\  __  A  r'"  v^-^  -^  Bar'^ 


2E  W  2  E  W 


If  3f  =  —  ;  we  mav  take 
Ba 


'H^^-^-^^^) 


(3) 


and,  making —  =  o,  we  obtain  a  minimum,  and  "Maximum  Com- 
dr 

mercial  Efficiency"  when 

M{vi  —l){n  —  l)  i^r"^  +  (n  —  1)  {q  —  lX  r'' 

=  ^A  (5) 

Pi 

When  m  =  1,  as  in  the  usual  case,  nearly,  cost  of  engine  becomes 
directly  proportional  to  cylinder  volume,  and 
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^_i  _  q+n  —  1  ^,_„  ^  M^^_,  _  if  ,.-q-n_  {n-l){q-l)p,  ^^y 

qn  q  q  qn  p^ 

When  q  =  0  and  a  =  1,  we  have  the  ideal  case  of  the  perfectly- 
non-conducting  cylinder,  and 

r-n_J^J;n--nr^_p^  (7) 

n  —  1        pi 

When  seeking  "Maximum  Efficiency  of  a  Given  Plant"  that  ratio 
of  expansion  is  determined  at  which  a  given  engine  in  place  can  do 
work  Avith  maximum  economy,  i.  e.,  the  maximum  work  which  it 
should  be  expected  to  do.  Then  we  have  simply  to  substitute  N  for 
M  in  the  above  expression.  The  quantity  of  power  thus  determined 
could,  it  will  be  found,  be  done,  however,  by  a  somewhat  larger  engine 
operated  at  a  somewhat  higher  ratio  of  expansion  than  is  obtained  by 
the  solution  of  this  second  problem. 

When  31  and  N  are  made  zero,  the  ratio  of  expansion  determined  is 
that  giving  "Maximum  Efficiency  of  Engine"  and 

i'-=Pl  (8) 

Finally,  when,  in  this  last  expression,  p^^  is  replaced  by  p^,  the  back 
pressure  in  the  cylinder,  we  have 

r-  =  Pi  (9) 

and  the  ratio  of  expansion  is  determined  which  gives  "Maximum 
Efficiency  of  Fluid." 
IToboken,  N.  J.,  January  1883. 


The  Improvement  of  Wells. — Emilio  Bianchi  has  turned  his 
attention  to  the  impurities  of  surface  drainage  which  so  often  contami- 
nate well  water.  He  proposes  to  remove  all  wooden  pipes  and  casings, 
and  to  substitute  tubes  of  cement,  which  can  be  made  at  small  cost, 
and  which  can  preserve  the  water  in  perfect  purity.  These  pipes  can 
be  formed  of  a  series  of  tubes,  united  together  by  water-tight  joints, 
so  as  to  shut  out  lateral  and  superficial  infiltration,  and  secure  an 
abundant  supply  of  pure  water,  if  the  well  is  sunk  deep  enough.  In 
extreme  cases,  he  proposes,  after  reaching  a  certain  depth,  to  place  a 
diaphragm  or  filter,  made  of  b6ton  and  carbon,  so  as  to  oblige  tlie 
water  of  the  well  to  pass  through  it. — II  Politecnico,  Sept.,  1882.      C. 
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THE  STEAM  EXGINE  INDICATOR  AS  A  DETECTOR  OF 

LOST  MOTIOX. 


By  Robert  Grimshaw,  M.  E. 

[Read  by  title  at  the  Stated  Meeting  of  the  Fraukliu  Institute,  September  19, 1883.] 


The  improved  steam  engine  indicators  of  the  present  day,  while  the 
legitimate  successors  of  the  original  and  long  secret  invention  of  James 
Watt,  in  the  matter  of  merely  siiowing  the  performances  in  the  cylinder 
and  valve-chest,  and  measuring  horse-power,  are  gradually  getting  a 
wider  application ;  and  it  is  to  one  of  their  new  applications,  recently 
discovered,  and  not,  to  my  knowledge,  heretofore  made  public,  that  I 
desire  to  call  your  attention  for  a  few  moments. 

A  very  intelligent  engineer,  Mr.  Oilman  W.  Brown,  of  Boston,  had 
put  in  his  hands  for  remedy  a  mo.st  pronounced  case  of  pounding  in  a 
high-.ipeed  engine.  This  macliine  thumped  at  high  speeds  and  at  slow 
speeds  ;  at  high  pressures  and  at  low  pressures ;  at  early  and  late  cut- 
offs, and  under  apparently  all  imaginable  conditions  of  lead  and 
compression.  AVherever  it  was  attempted  to  locate  the  thump,  it 
iij)peared  somewhere  else;  or  at  least  was  not  where  suspected. 

There  evidently  was  only  one  way  to  find  out  where  that  thump 
was: — to  make  it  record  itself — .something  which  liad  never  before 
been  done,  but  whicli  was  now  to  be  effected. 

If  the  time,  and  the  position  in  the  stroke,  at  which  the  thump  came 
in,  could  in  some  way  be  graphically  recorded,  the  problem  would  be 
a  long  way  towards  .solution. 

Now,  if  an  indicator  can  pick  out  the  existence,  and  locate  the  time, 
of  lost  motion  in  a  valve,  wiiy  not  in  that  of  a  crank-pin,  or  a  cross- 
head  pin,  or  a  main  bearing? 

It  is  evident  that  whatever  trace  the  tell-tale  instrument  sliould 
make  of  lost  motion,  outside  of  the  valves,  should  not  interfere  with 
its  record  of  the  valve  functions;  and  the  natural  deduction  was  that 
there  must  be  another  trace,  necessitating  another  marking-point,  in 
no  wise  connected  with  the  indicator-piston,  nor  influenced  by  the 
5team-pressure. 

To  effect  this,  tiiere  was  added  to  a  "Crosby-Brown"  indicator  a 
.second  multiplying-lever,  having  a  vertiaU  motion  only,  and  bearing 
a  pencil  making  a  trace  underneath,  and  parallel,  to  the  atmospheric 
and  vacuum  lines  of  the  usual  "diagram."     This  lever  was  pivoted  to 
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a  little  standard  on  the  connecting-piece  of  the  instrument,  and  the 
pencil  position  was  adjustable  in  height  by  a  spring  and  screw,  the 
latter  formed  on  a  light  rod  passing  through  the  connecting-piece. 
Vertical  motion  of  this  rod  caused  the  pencil  to  vibrate  vertically.  1^ 
the  rod  M-as  kept  at  a  constant  height,  the  pencil  would  trace  a  hori- 
zontal line  partly  around  the  paper  cylinder ;  but  any  pull  on  the  rod 
would  make  a  jog  in  the  tracing. 


The  main  bearing  being  slacked  up,  a  vertical  metal  lever  was 
pivoted  to  the  bed-plate,  so  as  to  bear  against  the  far  side  of  the  main- 
shaft  (assumed  to  be  truly  cylindrical,  and  tested  for  this  jjurpose, 
beforehand).  The  upper  end  of  this  lever  was  connected  by  a  Avire, 
or  inelastic  cord,  passing  around  a  guide-pulley,  to  the  lower  end  of 
the  vertical  rod  on  the  lost-motion  lever  of  the  indicator,  and  all  slack 
taken  up,  and  held  out  by  the  spring  on  the  vertical  rod. 

It  is  evident  that  if  the  main  shaft  has  any  horizontal  movement, 
it  will  cause  horizontal  vibration  of  the  free  end  of  the  lever  bearing 
airainst  it,  and  thus  tighten  or  slacken  the  cord  and  produce  a 
vertical  movement  of  the  lost  motion  lever  on  the  indicator.     This 
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will  cause  a  jog,  either  below  or  above,  in  the  supplementary  horizontal 
line  representing  the  crosshead  path,  and  will  indicate,  beyond  all 
question,  where  the  lost  motion  commences,  how  long  it  lasts,  in  which 
direction  it  is  from  the  normal,  and  when  and  where  it  stops. 

By  the  aid  of  this  rig,  its  inventor  effectually  cured  the  hitherto 
incorrigible  engine. 

New  York,  September  8,  1883. 


THE  WATER  SUPPLY  OF  CITIES  IX  ANCIENT  TIMES. 


By  Walter  Atlee,  C.  E. 


It  would  seem  to  be  particularly  interesting  at  the  present  time  to 
give  some  account  from  ancient  authors  of  the  manner  in  which  the 
famous  water  supplies  of  Rome  and  other  cities,  celebrated  in  antiquity, 
were  conducted. 

Ever  since  men  have  increased  in  numbers,  and  have  dwelled 
together  for  a  more  or  less  time  in  one  locality,  great  attention  has 
always  been  given  to  obtain  a  permanent  and  abundant  supply  of  pure 
water. 

Among  pagan  nations  water  was  regarded  with  such  reverence  that 
it  was  customary  to  give  names  to  fountains  and  springs,  and  to  place 
them  under  the  protection  of  the  gods. 

The  ancient  Egyptian  priests,  in  order  to  show  that  all  things  could 
subsist  only  by  the  virtue  of  this  element,  carried  solemnly,  with 
religious  respect,  into  the  temple  where  their  god  was  supposed  to 
reside,  an  ornamental  vase  filled  with  water,  and  there  prostrating 
themselves  on  the  earth,  with  their  hands  raised,  gave  thanks  to  the 
divine  goodness  for  his  admirable  inventions.* 

In  ancient  Rome  was  celebrated  annually  on  the  III  Ides  of  October 
(October  13),  the  feast  of  the  fountains,  under  the  name  of  Fontanalia. 
During  the  half  day  which  the  celebration  lasted,  the  fountains  and 
wells  were  crowned  with  flowers,  and  wreaths  were  thrown  into  the 
springs  of  running  water. 

Tile  Germans,  even  a  long  time  after  the  introduction  of  Christianity, 
continued  in  certain  districts  to  make  pilgrimages  to  several  fountains 
consecrated  to  pagan  gods. 

If  history  furnishes  but  few  and  scattered  accounts  of  the  art  of 

*  Vitruvius  lib.  8,  preface. 
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furnishing  cities  with  water,  we  find  in  national  traditions  and  monu- 
ments the  proof  that  the  science  of  hydraulics  dates  back  to  the  most 
remote  antiquity. 

We  know  that  Persia  possesses  canals  for  irrigation,  the  origin  of 
which  is  lost  in  the  "  night  of  ages,"  and  which  nevertheless  continue 
at  the  present  day  to  perform  their  functions. 

In  the  province  of  Anachosia  ruins  of  canals  attest  the  former 
existence  of  a  vast  system  of  irrigation. 

At  Memphis  is  the  ancient  aqueduct  of  Sestorius. 

Semiramis  constructed  at  Babylon  her  celebrated  aqueduct. 

The  city  of  Jerusalem  was  supplied  by  water  through  an  aqueduct 
built  by  Solomon.  The  whole  plain  at  Persepolis  was  at  one  time 
travei'sed  by  hydraulic  constructions,  the  ruins  of  which  show  that 
conduits  made  of  stone  and  pottery  large  enough  for  a  man  to  enter 
were  supported  by  masonry  above  the  level  of  the  plain. 

The  traveler  Tavernier  went  from  Aleppo  to  Ispahan  by  the  route 
of  the  Great  Desei't,  and  arrived  at  a  large  abandoned  palace  before 
the  entrance  to  which  was  a  reservoir  communicating  with  a  canal, 
then  completely  dry,  the  bottom  and  the  roof,  which  latter  was  level 
with  the  surface  of  the  ground,  were  constructed  of  bricks.  The 
Arabs  who  accompanied  Tavernier  said  that  the  canal  had  served  to 
bring  water  from  the  Euphrates,  which  was  at  least  fifty  miles  distant. 

Joseph's  well,  at  Cairo,  although  of  more  recent  date,  is  probably 
the  most  wonderful  subterraneous  work  ever  performed  by  man.  A 
brief  and  clear  account  of  this  structure  is  given  by  Ewbank. 

There  is  also  at  Cairo  a  long  aqueduct,  built  of  masonry,  which  for 
its  greater  length  is  supported  by  arcades,  constructed  about  the  same 
time  as  Joseph's  well. 

The  engineering  skill  of  the  ancient  Greek  is  shown  by  the  cele- 
brated aqueduct  constructed  by  Eupalinos,  of  Megara,  which  Hero- 
dotus mentions  as  one  of  the  wonders  of  the  Island  of  Samos  ;*  this 
exceedingly  interesting  object  for  the  archaeologist  pierces,  for  two  and 
a  half  miles,  the  heart  of  the  mountain  back  of  the  town,  whose  inhabi- 
tants it  supplied  with  water  from  a  perennial  spring. 

From  an  article  in  Macmillan's  Magazine  for  August,  1883,  we 
learn  that  a  priest  named  Cyril,  from  the  monastery  of  the  Holy 
Trinity,  last  spring,  while  plowing,  discovered  the  long  lost  southern 
entrance  of  this  aqueduct.     At  a  cost  of  20,000  francs  the  Samiotas 

*  Herod,  lib.  3,  eh.  Ix. 
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have  now  almost  completed  the  restoration  of  the  ancient  cliannel  with 
the  view  of  again  utilizing  it,  in  supplying  the  town  with  water. 
Amongst  the  ruins  of  the  aqueducts  of  ancient  Greece  ti)at  of  Patara, 
in  Lycia,  is  most  interesting.  It  consists  of  a  syphon  constructed  with 
cut  stones  supported  by  an  arch  in  cyclopean  masonry,  dating  to  the 
most  remote  antiquity. 

But  it  is,  above  all,  the  Romans  who  particularly  attract  our  atten- 
tion by  their  hydraulic  constructions,  the  magnificence  and  daring  of 
which  surpass  those  of  all  other  nations. 

Rome  is  the  only  city  of  antiquity  of  which  we  have  any  detailed 
account  of  the  administration  of  the  collection,  conveyance  and  distri- 
bution of  water. 

The  Romans,  enabled  by  their  enormous  wealth  to  gratifv  their  love 
of  display  and  indulgence  in  luxurious  habits,  constructed  those 
monuments  of  hydraulic  engineering  which  Frontinus  speaks  of  as 
being  "  worthy  of  the  greatest  care,  since  they  are  a  principal  testi- 
mony of  the  grandeur  of  the  Roman  empire,"  "  rem  enixiore  cura  dig- 
nam,  cum  magnitudinis  romani  imperii  id  pnecipuum  sit  indicium."* 

At  the  fall  of  the  Republic,  45  B.  C,  Rome,  according  to  Frontinus, 
possessed  four  ac^ueducts.  The  Appia,  constructed  in  442  Roman  era, 
by  the  emperor  Appius  Claudius.  The  Anio  Vetus,  built  in  the  year 
481  Roman  era ;  the  Marcia  and  the  Tepula. 

The  emperors  Augustus,  Caligula,  Claudius  and  Trajan  constructed 
at  Rome  other  aqueducts,  more  magnificent  than  those  of  their  prede- 
cessors, so  that  at  the  time  of  Frontinus  (850  Roman  era,  or  97  B.  C.) 
there  existed  nine  aqueducts,  namely,  (in  addition  to  the  four  already 
mentioned,)  the  Julia,  the  Virgo,  the  Alsetina  and  the  Claudia. 

The  aggregate  length  of  these  most  useful  monuments  was  267^ 
miles.  For  228y^^  miles  the  channels  were  entirely  underground,  and 
for  39  miles  above  the  surface  of  the  ground,  of  the  latter  34^,^  miles 
were  supported  by  arcades  or  ranges  of  arches. 

The  following  brief  account  of  the  character  and  construction  of  the 
Roman  aciucducts  is  mainly  taken  from  "  Les  aqueducts  Romains"  by 
M.  Belgrand. 

The  first  aqueducts,  the  Ap[)ia,  the  Anio  Vetus  and  al)ove  all  the 
Marcia,  bear  the  robust  character  of  the  masonry  of  the  earliest  ages, 
they  were  constructed  of  cut  stone,  very  simply  dressed,  but  adjusted 

*  Frontinus,  eh.  cxix. 
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with  precision,  so  that  we  see  that  the  engineer  relied  more  upon  the 
resistance  of  the  stone  than  that  of  tlie  mortar. 

The  Tepula  aqueduct  was  buik  in  627  Roman  era,  or  but  nineteen 
years  after  the  completion  of  the  Marcia,  nevertheless  the  mode  of 
construction  was  different ;  during  that  time  the  Romans  had  become 
masons  and  understood  that  with  good  mortar  and  rough  material, 
they  could  produce  a  construction  as  solid  as  with  cut  stone  and  at  a 
much  less  cost. 

The  same  mode  of  construction  was  employed  in  the  other  aque- 
ducts, with  the  addition  of  the  introduction  of  bricks,  except  in  that 
of  the  Anio  Novus,  which,  when  it  approached  the  city,  surmounting 
the  Claudia  took  a  character  of  magnificence,  the  rough  materials  being 
abandoned  and  cut  stone  entirely  employed. 

The  cross  sections  of  the  channels  through  which  the  water  ran 
varied  from  3  to  8  feet  in  height,  by  2^  to  5  feet  in  breadth,  the  bottom 
was  horizontal  and  the  sides  perpendicular  to  it;  the  shape  of  the  top 
or  covering  varied  even  in  the  same  aqueduct,  it  being  sometimes 
arched  and  at  others  peaked,  and  sometimes  horizontal  or  parallel  with 
the  bottom. 

The  nebessity  of  maintaining  the  aqueducts  at  a  gradual  inclination 
from  their  sources  in  the  mountains  to  the  place  of  delivery  of  the 
water  in  the  city,  forced  the  engineers,  when  they  came  to  the  numerous 
abrupt  and  deep  ravines  of  the  Apennines,  to  build  sub-structures  con- 
sisting of  one  or  more  arches ;  and  often  of  several  ranges  of  super- 
posed arches  where  it  was  necessary  to  attain  the  required  elevation. 

In  traversing  the  valleys  it  was  often  necessary  to  construct  those 
arcades,  the  ruins  of  which  are  at  the  present  day  the  wonder  of  all 
those  who  behold  them,  and  no  traveler  considers  that  he  has  seen  all. 
the  curiosities  of  Rome  till  he  has  visited  at  least  the  Plain  Roma 
Vecchia,  which  is  so  remarkable  for  the  ruins  of  the  ancient  aque- 
ducts, especially  for  that  of  the  Claudia  surmounted  by  the  Anio 
Novus,  distinguishable  by  a  high  and  exceedingly  long  line  of  arcades, 
extending  beyond  the  power  of  vision. 

The  first  four  aqueducts  constructed  crossed  the  valley  Degli  Archi 
in  the  Apennines  on  magnificent  arcades,  the  ruins  of  which  are 
classed  among  the  most  curious  of  Italy. 

There  is  an  aqueduct  bridge  of  the  Anio  Vetus  composed  of  thirty- 
five  arches,  forming  two  ranges  of  arcades  superposed,  which  travers 
the  valley  now  called  St.  John. 
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The  aqueducts  Anio  Vetus  and  Marcia  descended  by  regular  grades 
the  mountains  Spaccato  and  St.  Angelo,  and  crossed  the  first  ravine  of 
the  Apennines  on  the  same  bridge,  also  composed  of  two  ranges  of 
arcades.  This  ruin,  now  called  St.  Anthony's  bridge,  is  considered 
very  beautiful. 

The  want,  more  and  more  pronounced,  of  water  at  a  higher  elevation 
obliged  the  Roman  engineers,  especially  in  crossing  the  plain  near 
Rome,  to  support  the  aqueducts  on  higher  and  higher  arcades.  Thus 
the  elevation  of  the  Marcia  water  being  insufficient,  the  Tepula,  nine- 
teen years  afterwards,  was  constructed  at  a  greater  altitude.  Ninety- 
two  years  later  the  Julia  was  built,  at  a  still  greater  elevation,  and 
eighty-four  years  after  the  completion  of  the  Julia,  the  water  still  being 
too  low,  the  high  arcades  of  the  Claudia  were  superposed  on  those  of 
the  Anio  Novus,  crossing  the  plain  near  Rome  at  an  elevation  of  one 
hundred  and  nine  feet  above  its  surface. 

Xot  only  at  the  Eternal  City,  but  wherever  the  Romans  extended 
their  conquests  and  established  cities,  they  built  those  gigantic  hydraulic 
monuments  which  prove  to  posterity  the  great  importance  they  attached 
to  the  enjoyment  of  an  abundant  supply  of  water. 

Amongst  the  ruins  of  these  beautiful  constructions  with  which  Gaul 
was  dotted  after  the  Roman  conquest,  there  still  remain  several 
aqueducts  in  active  service.  That  called  at  present  the  "  pont  du 
Gard  "  supplies  the  town  of  Nimes  with  water  from  the  two  springs, 
Aire  and  Airan.  This  a(|ucduct  consists  of  a  stone  channel,  291  yards 
long,  supported  by  three  ranges  of  arches  superposed  and  attaining 
an  elevation  of  160  feet. 

At  Metz  the  Moselle  river  is  crossed  by  ihe  aqueduct  of  Segovia, 
which  brings  water  from  the  valley  of  Gorge,  23  miles  distant. 

A  part  of  the  water  of  Paris  is  still  supplied  by  the  Roman  aqueduct 
passing  near  Arceuil. 

Nothing  gives  a  higher  idea  of  the  ancient  splendor  of  the  city  of 
Lyons  (Lugdunum)  under  the  Roman  emperors  than  the  remains  of 
the  ancient  aqueducts  erected  under  Augustus,  Tiberius,  and  Claudius 
to  furnish  the  city  with  water. 

But  no  country  shared  so  well  in  grand  Roman  hydraulic  monuments 
as  Spain,  where  aqueducts  and  baths,  or  their  remains,  are  found  in 
most  of  the  large  towns.  Those  of  Merida,  Toledo  and  Tarragona  are 
worthy  of  being  compared  to  those  of  Rome  itself.  The  aqueduct  of 
Segovia,  in  spite  of  the  ravages  of  time,  of  civil  and  political  disturb- 
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ances,  has  never  ceased  to  fulfil  its  ancient  purpose,  and  to-day  still 
furnishes  the  city  with  all  the  water  necessary  for  its  consumption. 
This  aqueduct,  nineteen  miles  in  length,  is  justly  celebrated  for  its 
admirable  arcades,  700  yards  long,  composed  of  109  arches  supporting 
the  channel  at  an  elevation  of  107 J  feet  above  the  valley. 

Constantinople,  the  Rome  of  the  East,  was  also  justly  celebrated  for 
its  water-supply  brought  to  the  city  by  the  renowned  aqueducts  of  the 
emperors  Valens  and  Justinian. 

The  magnificent  Carthagenian  aqueduct  carried  its  supply  of  water 
through  mountains  and  over  valleys  for  seventy  miles  ;  near  the  town 
of  Undena  it  was  supported  by  an  arcade  of  more  than  a  thousand 
arches,  the  elevation  of  the  channel  exceeding  in  some  cases  100  feet 
above  the  surface  of  the  ground. 

Rome  was  long  celebrated  for  the  purity  and  freshness  of  its  water. 
The  Romans  knew  that  spring  and  well  waters  alone  were  suitable  for 
drinking  and  culinary  purposes ;  that  river  water  should  be  reserved 
for  watering  and  washing  streets  and  parks,  to  supply  the  needs  of 
industry,  ornamental  fountains,  and  the  celebrated  amphitheatres  where 
they  were  so  fond  of  witnessing  the  famous  naval  sham-combats. 

They  knew  that  water  to  be  good  should  be  limpid,  of  a  moderate 
temperature  in  winter  and  summer,  inodorous  and  above  all  of  an 
agreeable  taste.  Vitruvius*  tell  us  *'  that  we  can,  by  means  of  several 
observations,  know  the  quantity  of  the  water  of  a  district.  If  it  flows 
along  the  surface  of  the  ground,  it  is  necessary  before  enclosing  it  in 
conduits  to  consider  the  physical  condition  of  the  inhabitants,  if  they  are 
robust  and  have  good  color,  and  are  not  subject  to  diseases  of  the  limbs 
or  runnings  from  the  eyes,  the  water  may  be  considered  fit  for  use. 
To  test  the  quality  of  the  water  of  a  newly  discovered  spring  it  is 
necessary  to  throw  several  drops  of  it  on  Corinthian  brass;  and  if  it 
leaves  no  spots  it  is  a  sign  that  the  water  is  excellent.  It  will  be  the 
same  if,  after  having  been  evaporated,  no  mud  or  muddy  deposit  re- 
mains, and  if  vegetables  boiled  in  this  water  cook  quickly.  Finally,  we 
shall  know  that  the  water  is  light  and  very  healthy  if,  being  clear  and 
beautiful  in  its  source,  it  deposits  in  the  places  by  which  it  passes 
neither  moss,  rushes,  nor  other  impurities," 

Until  the  442d  year  after  the  foundation  of  Rome,  or  310  years, 
before  the  Christian  Era,  the  inhabitants  of  the  Eternal  City  contented 
themselves  with  w^ater  from  the  Tiber  and  from   the  most  agreeable 

*  Lib.  8,  eh.  iv. 
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springs  of  the  locality.  They  had  at  the  foot  of  Mount  Ccelis  the  foun- 
tain of  Mercury  ;  on  the  Palatin  Hill  the  fountain  of  Saturn  ;  from 
the  famous  grotto  of  the  Louvre  still  flows  the  Lupercale  water ;  in 
the  same  neighborhood  is  also  the  spring  of  Castor  and  Pollux.* 

A.  Cassio  speaks  also  of  four  other  springs — those  of  Lantulus,  of 
Picus  and  Faune,  of  Cybele  and  of  the  nymph  Egeria.  For  the  waters 
of  these  springs  and  fountains  the  Romans  had  a  profound  veneration. 

When  Rome  became  powerful  and  rich  she  knew  of  no  better  man- 
ner in  which  to  employ  the  plunder  and  slaves  procured  by  her  victo- 
rious arms  than  by  constructing  monuments  as  remarkable  for  their 
daring  in  architectural  design  as  for  their  utility.  She  therefore  con- 
structed her  famous  aqueducts  and  thus  availed  herself  of  the  remark- 
able advantage  of  being  situated  on  seven  hills  at  a  distance  not  too 
great  from  the  Apennine  mountains  which  contain  at  a  much  greater 
altitude  innumerable  springs  and  lakes  of  pure  water,  by  bringing  for 
the  health,  comfort  and  luxury  of  her  inhabitants  this  pure  liquid  to 
the  summit  of  these  hills  by  means  of  gravity  through  aqueducts,  and 
thence  distributing  it  throughout  the  city.  The  sources  of  the  water 
of  the  Marcia  and  of  the  Claudian  aqueducts  are  each  1030 J  feet  above 
their  respective  locations  of  delivery. 

The  water  of  theMarcian  spring  on  account  of  its  remarkable  purity 
and  agreeable  taste  was  reserved  by  an  edict  of  the  Emperor  Xerva 
for  drinking. 

Frontinus  considered  it  a  sort  of  profanation  to  have  used  this  beau- 
tiful water  for  ordinary  purposes. 

The  Romans  having  decided  upon  the  springs  or  lakes  from  which 
they  wished  to  augment  the  supply  of  water  for  the  Eternal  City,  and 
having  assured  themselves  that  the  sources  were  situated  at  an  eleva- 
tion sufficiently  greater  than  that  of  the  locality  w^here  they  wished  to 
deliver  the  water,  first  collected  the  water  into  reservoirs  from  which 
it  ran  through  a  channel  built  of  masonry  on  a  regular  incline  so  that 
the  water  might  run  by  the  action  of  gravity  to  the  storage  reservoirs 
from  which  it  was  distributed,  sometimes  the  water  was  made  to  pass 
through  intermediate  reservoirs  for  the  purpose  of  purification  by  per- 
mitting the  water  to  remain  at  rest  long  enough  for  the  mud  and  other 
impurities  carried  along  by  the  force  of  the  motion  of  the  water,  to 
fall  and  be  deposited  on  the  bottom  of  the  reservoir. 

Near  the  seventh  mile  stone  from  Rome,  on  the  Latin  road,  six  of 

*  Belgrand,  Idem  p.  17. 
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the  aqueducts  emptied  their  supply  of  water  into  covered  wells  or 
reservoirs,  from  which  the  water  continued  its  journey  through  aque- 
ducts to  the  walls  of  the  city,  where  it  was  received  in  "castelli,"*  or 
water-towers,  which  were  structures  built  of  masonry  enclosing  a  basin, 
near  which  w^ere  three  reservoirs  fed  from  the  basin  by  three  pipes 
which  distributed  the  water  equally. 

These  reservoirs  were  so  placed  that  the  centre  one  would  receive  in 
times  of  abundance  the  surplus  water  of  the  other  two.  From  this 
reservoir  of  the  centre  the  water  was  distributed  to  the  public  foun- 
tains and  amphitheatres.  The  public  baths  were  supplied  with  water 
from  one  of  the  other  reservoirs.  Private  establishments  obtained  from 
the  third  reservoir  their  supply  of  water. 

The  water  towers  of  the  Julia  and  Claudia  aqueducts  were  very 
important  monuments,  the  ruins  of  which  still  remain. 

Besides  the  public  water  towers  there  were  private  and  special 
towers,  which  in  the  time  of  Frontinus  numbered  in  the  city  of  Rome 
'247.  The  public  towers  received  the  water  directly  from  the  aque- 
duct or  from  a  branch  of  it,  from  which  a  portion  of  the  water  ran 
continuously  through  leaden  pipes  into  the  public  fountains  of  the 
vicinity  from  which  most  of  the  people  obtained  the  water  necessary 
for  domestic  purposes. 

The  inhabitants  of  those  portions  of  the  city  more  distant  from  the 
public  water  towers  into  which  the  aqueducts  emptied,  were  supplied 
with  water  from  special  towers  to  which  the  water  was  brought  by 
conduits  from  the  public  towers.  Private  dwellings  were  supplied 
directly  from  the  nearest  water  tower,  or  when  situated  at  a  too  remote 
distance,  the  wealthy  inhabitants  were  accustomed  to  build  private 
towers  for  their  special  use.  These  towers  and  the  dwellings  were  each 
supplied  by  their  special  conduits  in  lead  or  pottery;  each  conduit 
receiving  its  amount  of  water  from  an  opening  in  the  water  tower,  to 
which  was  attached  horizontally  a  bronze  pipe  or  gauge  of  a  diameter 
and  length,  regulated  by  law,  in  proportion  to  the  amount  of  water  to 
be  supplied;  this  diameter  was  maintained  for  a  distance  of  twelve 
digits  or  nine  inches,  for  if  the  opening  alone  were  of  the  required 
diameter  and  a  larger  pipe  were  attached,  immediately  the  pressure  on 
the  water  would  cause  it  to  fill  the  larger  pipe  and  thus  supply  a 
greater  amount  of  water  than  that  granted  by  the  concession.  This 
bronze  pipe  was  therefore  a  sort  of  meter,  which,  if  properly  placed 

*  Vitruvius,  lib.  8,  ch.  vi. 
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and  the  water  of  the  reservoir  maintaiued  at  a  certain  elevation,  would 
indicate  the  amount  of  water  supplied.  From  this  gauge  or  meter 
the  water  was  conducted  through  conduits  in  lead  or  pottery  under  the 
paving  of  the  streets  to  the  dwelling  of  the  consumer,  where  it  ran 
continuously,  day  and  night,  from  a  fountain,  into  a  sort  of  basin  or 
reservoir  called  the  'Mmpluvium,"  which  occupied  the  centre' of  the 
interior  court  or  "  cavaedium,"  forming  a  part  of  the  "atrium"  or 
vestibule  characteristic  of  the  dwellings  of  the  wealthy  Romans. 

This  arrangement  can  be  seen  in  all  the  larger  houses  at  Pompeii ; 
the  smaller  houses  were  not  supplied  with  water,  the  artizan  dwelled 
in  his  .shop  and  procured  the  necessary  supply  from  the  public 
fountain. 

The  houses  were  thus  supplied  by  water  through  special  conduits 
directly  from  the  reservoir,  the  water  mn  continuously  in  the  court  of 
the  dwelling,  and  not  through  a  large  conduit,  distributing  the  water 
to  all  the  houses  near  which  it  passed,  nor  was  the  water  distributed 
throughout  the  dwellings  as  is  customary  at  the  present  day. 

This  mode  of  distribution  rendered  the  expen.se  of  a  private  supply 
of  water  very  great,  for  in  addition  to  his  portion  of  the  expense  of  the 
maintenance  of  the  tower  of  the  district,  the  proprietor  was  obliged  to 
bear  the  expense  of  laying  the  pipe,  repaving  the  street,  and  maintain- 
ing in  repair  this  conduit  which  was  often  necessarily  of  great  length. 

Through  this  custom  of  permitting  the  water  to  run  continuously, 
much  the  greater  quantity  distributed  for  public  and  private  service 
ran  to  waste. 

The  Emperor  Nerva  ordered  this  surplus  water  to  be  so  used  as  to 
continuously  flush  the  sewers  and  wash  the  streets  ;  through  some  of  the 
latter  it  ran  continuously,  a  system  so  inconvenient  that  it  would  not  be 
tolerated  at  the  present  day.  Indeed,  it  would  seem  that  the  Eternal 
City  would  have  become  uninhabitable  but  for  this  abundant  supply 
of  water. 

Frontinus  considered  this  employment  of  the  surplus  water  as  one 
of  the  benefits  of  the  reign  of  the  Emperor  Nerva,  he  says,  "  that  the 
super-abundant  water  was  no  longer  useles.s,  the  sanitary  condition  of 
the  city  was  already  changed,  the  air  purer,  the  cau.ses  of  that  perni- 
cious air,  of  that  infamous  air  of  the  city  of  our  forefathers  were 
destroyed." 

Vitruvius  has  left  us  a  detailed  account  of  the  manner  in  which 
very  long  valleys  could  be  cro.ssed  by  means  of  the  syphon ;  but  the 
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Romans  were  only  able  to  employ  the  syphon  where  but  a  small 
quantity  of  water  was  required,  for  they  had  not  made  sufficient 
advance  in  the  working  of  metals  to  be  able  to  economically  em- 
ploy any  but  lead  pipes,  and  these  were  of  such  an  inferior  quality 
that  the  force  of  the  water  would  often  burst  the  pipes,  especially  in 
the  cutves. 

According  to  the  very  careful  calculations  of  M.  Belgrand,*  the 
water  entering  the  nine  aqueducts  existing  at  the  ascension  of  the 
Emperor  Nerva,  amounted  to  252  million  gallons  each  twenty-four 
hours,  corresponding  to  about  252  gallons  for  each  inhabitant  of  the 
city ;  about  27  million  gallons  of  water  were  extracted  inside  and  as 
much  outside  the  city,  in  the  name  of  Cresar  for  the  use  of  Imperial 
property,  but  much  the  larger  quantity  estimated  at  83J  million  gal- 
lons was  extracted  by  fraud. 

Frontinus  tells  us  that  he  found  fields  irrigated,  taverns  and  drink- 
ing places  supplied  by  water,  the  proprietors  having  fraudulently 
turned  the  public  water  from  the  aqueducts. 

Frontinus  applied  himself  so  assiduously  to  prevent  these  fraudulent 
extractions  of  water  and  with  such  success  that  he  says,  "  the  quantity 
of  water  recovered  could  be  regarded  as  a  new  acquisition."t-  Accord- 
ing to  M.  Belgrand,  the  amount  of  water  was  thus  increased  to  132 
gallons  for  each  person  every  twenty-four  hours. 

The  water  conceded  for  the  public  service  in  the  time  of  Frontinus 
supplied  19  fields,  39  amphitheatres,  591  fountains  and  lakes,  and  94 
public  establishments. 

In  the  beginning  the  distribution  of  water  for  the  city  of  Rome  was 
very  simple;  all  the  water  ran  from  the  reservoirs  into  the  public 
fountains,  individuals  could  only  use  the  water  Avhich  fell  from  the 
inlet  of  the  fountain  into  the  basin.  This  water,  after  it  had  run  from 
the  basin  of  the  fountain,  was  conceded  to  the  public  baths  and  for 
the  use  of  fullers,  they  having  obtained  the  right  in  consideration  of 
paying  an  annual  water-rent  to  the  public  treasurer. 

Later,  the  water  which  escaped  from  the  aqueducts  through  leaks 
was  sometimes  granted  by  concession  to  individuals.  Frontinus|  very 
justly  remarks  that  these  concessions  favored  frauds  of  many  kinds, 
and  were  consequently  very  rarely  granted  by  the  emperors. 

*Les  a<iueducts  Romaius,  p.  98  and  105, 
t  Frontinus,  ch.  Ixxvii, 
X  Id,  chps,  ex  and  cxl. 
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The  administration  of  the  water-supply  was  confided  sometimes  to 
those  holding  the  office  of  "censor,"  and  at  other  times  to  those  hold- 
ing the  office  of  ''edile."  The  maintenance  of  the  aqueducts  was  ordi- 
narily contracted  for,  and  the  contractor  was  obliged  to  keep  a  certain 
number  of  slaves  employed  on  the  aqueducts.  The  names  of  these 
workmen,  their  duties,  and  the  location  in  which  they  were  to  be 
employed  were  inscribed  on  the  public  bulletins.  Their  work  was 
subject  to  the  approval  of  the  official  in  charge  of  the  administration  of 
the  water-supply.  The  administrator  regulated  all  the  details  of  the 
service.  On  the  days  of  the  great  performances  in  the  amphitheatres 
no  one  was  permitted  to  use  even  the  most  necessary  water  without  a 
special  oi'der  from  the  administrator. 

There  were  very  severe  laws  against  those  fraudently  turning  the 
water  from  the  aqueducts ;  fields  thus  irrigated  were  confiscated,  and 
the  public  contractors  who  permitted  the  frauds  were  arrested. 

Those  convicted  of  wilfully  impairing  the  quality  of  the  water  were 
fined  10,000  sesterces  ($280).  To  insure  the  execution  of  this  two 
citizens  in  each  district  were  chosen  from  among  the  inhabitants  or 
property-holders  in  the  neighborhood  to  oversee  the  public  water. 

These  laws  which  punished  so  severely  offences,  which  by  pub- 
lic opinion  were  not  considered  dishonorable,  were  consequently 
very  inefficacious,  and  must  have  been  very  little  better  than  a  dead- 
letter,  for  it  would  have  required  but  little  attention  and  care  to  have 
prevented  the  aqueducts  from  being  opened  and  the  water  turned 
away,  and  to  have  prevented  the  planting  of  trees  and  the  building  of 
houses  over  the  underground  portions  of  the  channels.  Nevertheless, 
the  most  .scandalous  abuses  are  noted  by  Frontinus  as  being  customary. 

In  the  year  of  Rome  719  the  supply  of  water  became  insufficient  for 
the  wants  of  the  inhabitants.  M.  Agrippa,  son-in-law  of  the  Emperor 
Augustus,  then  holding  the  office  of  edile,  completely  restored  the  then 
existing  aqueducts  and  constructed  at  his  own  expense  two  others,  the 
Julia  in  the  year  719,  Roman  era,  and  the  Virgo  tiiii-teen  years  later. 
He  reorganized  and  introduced  admirable  order  into  the  administration 
of  the  water-supply  of  Rome,  opened  a  regular  account  of  the  receipts 
and  of  tlie  di.stribution  of  water  fur  public  and  private  concie.ssions;  he 
made  laws  to  insure  the  preservation  of  the  aqueducts  and  the  main- 
tenance of  an  abundant  supply  of  water.  He  made  out  in  detail  tlie 
amount  of  water  to  be  distributed  to  each  water-tower  and  from  M'hich 
aqueducts  the  supplies  should  be  drawn,  the  quantity  to  be  employed 
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for  public  use  and  the  amount  to  be  distributed  to  individuals.  He 
employed  and  maintained  at  his  own  expense  a  family  of  slaves,  con- 
sisting of  240  men  for  the  preservation  of  the  water-supply,  the  care 
of  the  aqueducts,  water-towers,  and  reservoirs. 

Agrippa,  having  thus  rendered  his  term  of  office  when  edile  cele- 
brated for  the  care  he  took  to  increase  the  water-supply  by  the  restora- 
tion of  the  ancient  aqueducts  and  by  constructing  two  new  ones,  and 
above  all,  by  the  complete  reorganization  of  the  administration,  so  as 
to  insure  the  preservation  of  these  edifices  and  the  abundant  supply  of 
water,  was  the  first  to  be  entrusted  with  the  superintendence  of  the 
water-supply  for  life. 

Those  charged  with  the  administration  of  the  water-supply  of 
ancient  Rome  were  chosen  from  amongst  the  most  illustrious  citizens. 
Frontinus  gives  the  names  of  his  seventeen  predecessors,  who  were  all 
great  personages  or  belonging  to  illustrious  families ;  men  distinguished 
for  military  or  civic  virtues,  successful  commanders,  ex-consuls,  and 
other  dignitaries,  were  among  those  considered  worthy  and  capable  of 
being  entrusted  with  the  superintendence  of  the  distribution  of  water 
and  the  preservation  of  the  aqueducts.  They  alone  were  held  to 
possess  the  talents,  experience,  and  integrity  necessary  to  properly  con- 
duct this  most  important  department  of  the  administration  of  the 
Eternal  City. 

Until  the  death  of  Agrippa  the  administration  of  the  water-supply 
of  Rome  had  been  regulated  by  special  authority,  and  was  subject  to  no 
general  law.  The  Emperor  Augustus  confirmed  by  an  edict  the  per- 
mits recorded  in  the  registers  kept  by  the  order  of  Agrippa,  and  having 
inherited  the  slaves  employed  for  the  preservation  of  the  aqueducts,  he 
donated  them  to  the  State.  He  established  the  gauges  by  which  the 
quantity  of  water  was  regulated  and  limited  to  25,  the  number  of  open- 
ings permissable  in  each  tower.  He  nominated  Messala  Corvus  to 
exercise  the  functions  of  administrator  of  the  water,  and  empowered 
him  to  make  laws  regulating  the  supply.  He  granted  him  two  assist- 
ants, and  to  them  were  accorded  the  same  marks  of  dignity  as  were 
given  to  magistrates.  When  they  exercised  their  functions  outside  the 
walls  of  the  city,  they  were  surrounded  by  a  numerous  escort  composed 
of  two  lectors,  three  public  slaves,  an  architect  for  each  of  them,  clerks^ 
messengers,  tipstaves  and  criers  equal  in  number  to  those  accorded  to 
the  functionaries  Avho  distributed  the  wheat  to  the  people.  When  they 
exercised  their  functions  inside  the  city  the  lictors  were  withdrawn. 
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We  thus  see  that  the  dignitary  in  charge  of  the  maiutenauoe  of  the 
Avater-supplv  of  Kome  was  empowered  to  exercise  force  in  performing 
his  duties.  It  was  decreed  that  during  the  fourth  part  of  the  year 
they  were  to  attend  to  the  public  and  private  demands  relating  to  the 
distribution  of  water,  but  this  order  fell  into  disuse  either  from  the 
negligence  or  from  the  inability  of  some  of  the  administrators,  although 
the  public  treasurer  continued  to  pay  the  tipstaves  and  other  employees, 
■who  ought  during  that  time  to  assist  the  administrators. 

The  administrators  were  especially  advised  to  prevent  any  distri- 
bution to  individuals  without  an  order  from  the  prince,  so  that  no  one 
might  obtain  any  public  Avater  that  had  not  been  granted  him,  nor  any 
one  receive  more  than  was  conceded  to  him." 

This  law  had  been  so  much  neglected  that  Frontinus  tells  us  "  that  by 
enforcing  it  he  would  be  able,  with  the  quantity  of  water  recovered,  to 
establish  new  fountains,  and  to  su])ply  new  permits  of  the  prince,  and 
that  it  was  necessary  at  all  times  to  prevent  fraud,  by  an  active  super- 
intendence ;  in  order  to  do  so  successfully,  the  aqueducts  outside  of  the 
city  should  be  visited  from  time  to  time,  and  also  the  water  towers  and 
public  fountains,  to  enable  the  administrator  to  become  acquainted 
with  the  nature  of  the  concessions  and  to  insure  the  flowing  of  the 
water  night  and  day  without  interruption."f 

Frontinus,  in  his  "  De  Aquae  Ductibus  Urbis  Romse  Commentarius," 
says,  "  Everything  confided  to  us  by  the  emperor  requires  our  greatest 
care,  but  I  feel  myself  naturally  disposed  as  much  by  duty  as  by  taste 
to  acquit  myself  well  of  the  new  functions  with  which  the  emperor 
Nerva,  a  prince  as  zealous  as  well-intentioned  for  the  interests  of  the 
republic,  has  just  charged  me  in  confiding  to  me  the  administration  of 
the  water  of  Rome,  both  for  their  use  and  for  their  purity  and  safety ; 
a  function  which  has  always  been  exercised  by  the  first  citizens  of  the 
State.  I  thought  that  the  best  way  was  to  do  in  this  as  I  have  done  in 
other  circumstances,  in  order  to  well  understand  the  object  of  my 
enterprise,  and  I  do  not  believe  in  fact  that  there  is  a  surer  way  to  be 
able  to  judge  well  of  what  should  be  done  and  what  should  not  be 
done,  nor  is  there  any  thing  more  shameful  for  an  administrator  than 
to  act  only  by  the  counsels  of  his  agents,  which  must  certainly  occur 
when  the  chief,  from  want  of  experience,  is  obliged  to  have  recourse 
to  those  who  should  be  under  his  direction,  and  who,  although  neces- 

*  Frontinus,  ch.  ciii. 
t  Id.  ciii. 
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sary,  ought  only  to  be  regarded  as  the  hands  and  instruments  of  the 
administrator.  This  is  why  I  have  followed  in  this  the  same  method 
that  I  pursued  in  several  of  my  other  functions,  in  arranging  in  order 
all  the  information  that  I  could  obtain  concerning  this  object,  united 
in  one  body  in  this  commentary  to  serve  me  as  a  guide  during  my 
administration/' 

Those  who  wished  to  have  a  concession  of  the  public  water,  had  to 
obtain  permission  from  the  prince  by  a  letter,  which,  if  approved,  was 
presented  to  the  administrator  of  the  water  supply.  The  latter  placed 
the  aifair  in  the  hands  of  his  assistant,  who  designated  to  the  guardians 
of  tiie  water  tower  from  which  the  water  was  to  be  drawn,  the  loca- 
tion of  the  opening  to  be  made  and  the  size  of  the  gauge  to  be 
attached  in  accordance  with  the  quantity  of  water  conceded. 

A  concession  lasted  as  long  as  the  person  or  persons  lived  in  the 
locality  for  which  the  water  was  granted.  This  right  could  not  be 
transferred  to  a  purchaser  of  the  locality  nor  could  it  be  inherited  with 
the  property.  But  the  public  baths  had  the  perpetual  use  of  the  water 
which  had  once  been  accorded  to  them. 

These  long  concessions  were  rendered  necessary  by  the  expense 
required  to  conduct  the  water  to  the  locality  to  be  supplied,  often  a 
long  distance  from  the  aqueduct,  and  requiring  the  construction  of  a 
private  water  tower  or  reservoir. 

When  a  concession  became  vacant  through  the  death  or  removal  of 
the  proprietor,  it  was  publicly  announced. 

The  administrators  had  been  accustomed  to  stop  the  distribution  of 
water  immediately  on  the  expiration  of  a  concession,  and  to  sell  the 
right  to  the  new  proprietors  or  to  others,  but  the  Emperor  Augustus 
ordered  thirty  days  to  be  granted,  so  as  not  to  stop  too  suddenly  so  ne- 
cessary a  supply  and  to  give  time  to  make  the  customary  demands  for 
the  renewal  of  the  concession. 

Concessions  were  afterwards  made  of  the  surplus  water  which  ran 
from  the  reservoirs  and  from  the  leakage  of  the  aqueducts.  This  last 
was  very  seldom  permitted  by  the  princes  for  it  was  easy  to  enlarge 
the  fissure  so  as  to  supply  any  quantity  of  water  desired,  and  this  flow 
aided  the  rapid  destruction  of  the  aqueduct  itself. 

Frontinus  having  measured  the  quantity  of  water  entering  the 
aqueducts,  and  having  ascertained  that  it  greatly  exceeded  that  which 
was  registered  as  having  been  employed  for  public  use,  or  granted  by 
concessions,  set  to  work  to  find  by  what  negligencie  or  fraud  this  great 
quantity  was  lost  to  the  state  and  to  understand  how  to  prevent  it. 
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He  tells  us  that  he  found  gauges  of  a  diameter  larger  than  was  per- 
mitted by  the  concessions,  some  of  which  were  not  marked,  which 
proved  the  dishonesty  of  the  agent  who  controlled  the  placing  of  the 
gauges,  he  having  been  bribed  to  furnish  more  water  than  was  justly 
due. 

In  certain  water-towers  the  gauges  were  of  the  right  size  at  the 
opening  but  instead  of  maintaining,  this  diameter  for  the  distance  re- 
quired by  law,  a  larger  tube  had  been  attached  to  the  opening,  thus 
furnishing  more  water  than  alloted  by  the  concession  as  already  de- 
scribed. 

The  locations  of  some  of  the  openings  were  below  that  of  others, 
thus  on  account  of  the  greater  pressure  upon  the  lower  openings 
they  supplied  a  proportionately  greater  quantity  of  water. 

In  several  towers,  pipes  were  attached  to  the  openings  without  any 
gauge,  but  were  so  arranged  that  they  could  be  enlarged  or  contracted 
at  the  will  of  the  guardian. 

Another  very  reprehensible  fraud  on  the  part  of  the  guardians  was, 
when  a  concession  changed  hands,  instead  of  using  the  old  opening  to 
supply  the  person  obtaining  the  i*enewal  of  the  concession,  to  pierce  a 
new  opening  and  to  sell  the  water  from  the  former  for  their  own  in- 
terest. Frontinus  adds  that  the  suppression  of  such  a  fraud  should 
attract  the  especial  attention  of  the  administrator  of  the  water,  for  it 
is  his  duty  to  take  care  not  only  of  the  water  but  also  of  the  preser- 
vation of  the  towers  for  the  latter  would  be  very  soon  ruined  if  holes 
could  be  arbitrarily  pierced. 

In  examining  the  condition  of  the  diiferent  branches  of  lead  pipes 
])laced  under  the  pavements,  which  circulated  thoughout  the  whole 
city,  they  were  found  to  be  pierced  with  holes  in  many  places  by  an 
instrument  called  a  "  pointer,"  the  water  flowing  from  these  holes  was 
sold  by  the  purveyor  for  his  own  profit  to  all  those  wishing  to  arrange 
with  him,  the  water  being  lead  from  these  openings  by  private  tubes  to 
the  dwellings.* 

A  large  quantity  of  water  destined  for  public  use  was  turned  from 
its  legitimate  course  in  this  manner  as  Frontinus  t  proved  by  the  in- 
creased amount  received  at  the  outlet  of  several  pipes  after  the  holes 
had  been  closed. 

The  labor    required  to   preserve   the   aqueducts   and  to  maintain  a 

*  Frontinus,  ch.  cxiv. 
1 1<1-  ch.  cxv. 
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proper  distribution  of  the  water,  was  performed  by  the  men  of  two 
families  of  slaves. 

One  family*  belonged  to  the  public,  having  been  inherited  from 
Agrippa  by  his  father-in-law,  the  Emperor  Augustus,  who  gave  them 
to  the  State  a.s  already  mentioned.  This  family  comprised  about  240 
men. 

The  second  family,  consisting  of  460  men,  belonged  to  the  family  of 
Csesar,  and  was  established  for  this  purpose  by  the  Emperor  Claudius 
when  he  built  his  aqueducts.  These  men  were  classified  according  to 
the  work  they  were  required  to  perform ;  into  guardians  of  the  water- 
towers,  inspectors,  pavers,  pipemakers,  and  laborers.  A  certain  num- 
ber of  these  men  Mere  required  to  live  outside  the  city,  in  order  that 
they  might  be  able  to  repair  promptly  any  damage  caused  by  accidents 
to  the  aqueducts,  for  although  the  damage  might  be  slight  at  the  time 
of  occuirence  the  force  of  the  running  water  would  very  soon  increase 
very  materially  any  crevice  in  the  masonry  through  which  it  might 
escape,  and  thus  not  only  delay  the  supply  of  water  to  the  city,  but 
destroy  the  foundations  of  the  aqueduct.  Some  of  the  guardians  were 
lodged  in  the  water-towers.  All  the  other  men  dwelt  in  the  vicinity 
of  the  water-towers  and  amphitheatres  which  were  supplied  with  water, 
and  were  expected  to  continually  hold  themselves  in  readiness  to  aid 
in  abating  any  damage  caused  by  accident,  and  when  necessity  required 
to  aid  in  directing  the  supply  of  water  ordinarily  running  to  several 
districts  at  once  into  any  special  district  requiring  immediately  a  more 
abundant  supply. 

Frontinus  tells  us  that  he  found  that  these  men,  through  the  negli- 
gence of  the  overseers,  were  accustomed  to  leave  the  duties  required  ot 
them  for  the  public  good  and  to  work  for  their  own  individual  profit. 

To  re-establish  and  keep  order  amongst  so  great  a  number  of  men 
as  composed  these  two  families,  Frontinus  required  that  the  work  to 
be  performed  on  the  morrow  should  be  designated  the  previous  eve- 
ning ;  he  also  kept  a  record  of  the  work  performed  each  day.f 

These  men  were  paid  by  the  public  treasurer,  and  this  expense  was 
defrayed  by  the  money  paid  for  concessions  of  water.  This  amounted, 
in  the  time  of  Frontinus,  to  250,000  sesterces^  annually ;  this  revenue 

*  It  will  be  remembered  that  familia,  a  family,  means  properly,  the  ser- 
vants belonging  to  a  common  master. 

t  Fr.,  eh.  cxxiii. 

X  This  amounts  to  but  $8,500  of  our  money,  but  the  great  difference  of 
relative  value  must  be  taken  into  consideration. 
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was  often  taken  for  other  purposes.  The  Emperor  Domitian  used  it 
for  his  own  benefit;  Nerva  caused  it  to  be  returned  to  the  public 
treasury. 

The  expenses  of  the  supply  of  water  for  Imperial  properties  were 
paid  from  the  public  treasury,  as  were  also  those  for  pipes  and  all 
expenses  relative  to  the  maintenance  of  the  aqueducts,  water-towers, 
and  reservoirs,  or  public  fountains. 

The  maintenance  of  the  aqueducts  was  the  especial  care  of  the  admin- 
istrator, for  they  were  exposed  to  many  and  frequent  causes  of  damage, 
which  it  was  necessary  to  foresee  and  prevent. 

Accidents  were  occasioned  by  the  ravages  of  age,  by  exposure  to 
intense  cold  and  heat,  by  the  violence  of  tempests,  through  the  fault  of 
badly  constructed  work,  and  by  the  dishonesty  of  the  proprietors  of 
the  fields  adjoining  the  aqueducts,  who  fraudulently  caused  the  water 
to  escaj^tc  from  the  channels  in  order  to  irrigate  their  land. 

Those  portions  of  the  aqueducts  supported  by  arcades  suffered  most 
from  the  effects  of  age  and  the  violence  of  the  mountain  storms.  Where 
the  arcades  crossed  the  rivers  the  foundations  were  much  exposed  to 
the  violence  of  the  current  in  times  of  floods.  The  channels  in  masonry 
along  the  flanks  of  the  mountains  were  exposed  to  landslides  and  many 
other  causes  of  accident. 

It  was  necessary  to  bring  to  the  execution  of  all  work  required  to 
prevent  these  accidents,  and  the  consequent  interruption  of  the  supply 
of  water,  great  activity,  and  to  have  the  work  performed  Avith  great 
care. 

The  channels  underground  suffered  less,  not  being  exposed  to  the 
effects  of  intense  cold  or  heat.  Accidents  to  the  channels  could  some- 
times be  repaired,  while  still  maintaining  the  supply  of  water,  by  carry- 
ing it  across  or  around  the  break  through  a  temporary  channel  made 
of  lead  pipes  held  at  the  proper  elevation. 

A  frequent  obstruction  to  the  j)assage  of  the  water  was  the  gradual 
deposit  of  nuid  on  the  bottom  and  sides  of  the  channel,  which  formed 
in  time  hard  and  thick  incrustations,  and  which  gradually  narrowed  the 
channel  till  the  passage  of  the  water  was  finally  entirely  prevented. 
Sometimes  the  mortar  would  droj)  out  and  permit  the  water  to  escape, 
which  would  damage  the  walls  of  the  channel  and  the  masonry  sup- 
porting it. 

Only  those  repairs  that  were  absolutely  necessary  were  permitted 
during  the  heats  of  summer,  so  as  not  to  interrupt  the  distribution  of  water 
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at  the  season  when  its  use  was  the  most  required.  Spring  and  autumn 
were  recommended  for  this  work,  as  the  season  most  suitable,  wdien  the 
fresh  masonry  would  not  be  exposed  to  the  intense  cold  of  winter,  which 
would  freeze  the  mortar  before  it  was  "  set,"  nor  would  it  be  exposed 
to  the  heats  of  summer,  which  would  absorb  the  moisture  in  the  mor- 
tar and  thus  prevent  it  from  forming  a  solid  mass  with  the  stones;  for 
intense  heat  is  as  injurious  as  intense  cold  to  fresh  mortar.  Moreover, 
there  is  no  work  which  demands  as  much  skill,  precision  and  care  as 
masonry  required  to  prevent  the  escape  of  water;  each  piece  must  fit 
exactly  according  to  the  rules  which  most  masons  understand  and  few 
observe.*  By  preparing  in  advance  all  material  required,  and  working 
with  the  greatest  celerity,  the  passage  of  water  was  interrupted  for  the 
shortest  possible  period,  and  by  working  on  but  one  aqueduct  at  a  time, 
the  city  was  not  deprived  of  too  great  a  quantity  of  water  at  once. 

The  administrators  were  empowered  by  the  Senate  when  repairs 
were  to  be  made  to  the  aqueducts,  to  procure  earth,  clay,  stone,  sand 
and  wood  from  the  adjoining  fields  and  have  them  transported  across 
the  fields  if  necessary,  the  damages  having  been  previously  appraised. 

Fifteen  feet  were  ordered  by  the  Senate  to  be  reserved  on  either  side 
of  the  channels,  no  buildings  nor  trees  being  permitted  within  that 
space  except  where  the  aqueducts  were  entirely  under  ground, 
when  the  space  was  reduced  to  five  feet.  This  law  had  fallen  into 
such  disuse  that  proprietors  often  enclosed  this  ground  within  their 
fields  and  used  it  for  their  own  convenience,  building  and  planting 
upon  it  as  they  pleased,  and  making  roads  over  it,  and  even  going  so 
far  as  to  prevent  the  employees  of  the  administrator  of  the  water  supply 
from  visiting  those  portions  of  the  aqueducts ,  and  thus  these  construc- 
tions were,  from  want  of  projaer  and  timely  attention,  gradually  de- 
stroyed. The  real  and  prime  cause  of  the  destruction  of  the  aqueducts 
was  the  negligence  of  the  administrators  entrusted  with  the  care  of  the 
preservation  of  these  magnificent  testimonials  of  the  civilization  of 
ancient  Rome;  the  workmen  appointed  to  attend  to  the  repairs  profiting 
by  the  negligence,  and  following  the  examples  of  their  masters,  neglected 
their  allotted  work  and  attended  to  private  affairs. 

Pliny  tells  us  that  long  before  his  time  the  City  was  deprived  of  the 
benefit  of  the  water  from  the  Marcia,  the  Julia,  and  Virgo  aqueducts 
that  the  proprietors  of  the  land  adjoining  the  aqueducts  had  turned  all 
the  water  to  their  own  use ;  nevertheless,  the  water  from  these  aqueducts 

*  Frontinus,  eh.  ex 
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continued  to  figure  on  the  public  register  as  amounting  to  2242  quin- 
aires  daily,  exactly  as  if  it  were  regularly  received  and  distributed.* 

It  is  evident  from  what  has  been  said  in  regard  to  water-supply  that 
modern  cities  have  not  advanced  beyond  ancient  Rome ;  indeed,  in 
regard  to  abundance,  no  city  has  ever  yet  even  contemplated  supplying 
to  its  inhabitants  such  a  large  quantity.  There,  there  was  an  abun- 
dant supply  for  every  purpose ;  that  which  was  used  for  drinking  pur- 
poses was  brought  from  a  great  distance  and  its  freshness  was  retained 
by  bringing  it  through  conduits  of  stone  and  keeping  in  covered  reser- 
voirs, where  it  was  exposed  to  the  action  of  the  air  and  at  the  same 
time  protected  from  the  rays  of  the  sun.  Great  care  was  taken  to  pre- 
vent any  pollution.  As  to  the  abuses  in  ancient  Rome  of  the  public 
water,  it  is  not  the  place  of  the  writer,  nor  his  object,  to  remark  upon 
them,  or  to  make  any  comparison  with  those  of  modern  times. 

Many  of  the  larger  cities  of  both  the  old  and  new  world  have  either 
recently  imitated  ancient  Rome  or  are  now  contemplating  so  doing,  by 
procuring  their  supply  of  water  from  long  distances,  from  localities 
removed  from  all  causes  of  pollution,  and  bringing  it  to  the  inhabi- 
tants by  means  of  gravity  through  aqueducts. 


OIL  DRESSED  BELTING. 


By  Joseph  Sharp. 

[Read  at  the  Stated  Meeting  of  the  Franklin  Institute,  September  19, 1883.] 


Transmission  by  belting  is  the  rule,  rather  than  the  exception,  in 
American  manufactories  and  shops. 

It  has  the  advantages  of  high  shaft  speed,  wide  shaft  distance,  cheap- 
ne&s,  and  lightness,  and  of  slipping  in  case  of  a  clog  in  the  machinery, 
thiLS  preventing  serious  loss  and  accident  by  breakage. 

One  thing  which  sometimes  stands  in  its  way  is  that  it  is  not  as  sure, 
under  very  heavy  work,  as  gears  are,  and  requires  for  such  heavy  work 
very  great  pressure  on  bearings,  to  prevent  slipping. f 

The  very  principle  of  its  action  demands  a  certitin  amount  of  slip- 
ping, say  from  2  per  cent,  as  a  niininmin,  to  15  per  cent,  or  20  per 
cent,  as  a  common  occurrence. 

This  cuts  it  out  from  many  applications  wliere  regularity  and  pro- 
portion of  velocity-ratio  are  necessaiy. 

*  Pliny,  lib.  31,  ch.  xxv.  ^ 

t  The  niiniimini  .slippajre,  with  one  belt,  is  2  per  cent. ;  where  there  are 

several  belts  between  tlie  motor  and  the  machine  there  is  proportionately 

more  slij). 


266  Oil-dressed  Belting.  [Jour.  Frank.  Inst., 

Anything  which  renders  it  more  efficient  and  regular  is  worthy  the 
particular  attention  of  all  manufacturers  and  mechanics.  It  is  also 
desirable  to  increase  the  regularity  and  proportion  of  velocity-ratio. 

There  are  locations,  as  in  paper-mills,  tanneries,  etc.,  where  those 
kinds  of  belts  which  are  susceptible  to  hygroraetric  influences  cannot 
be  used. 

Among  the  many  materials  for  belts,  used  and  offered  for  use,  may 
be  enumerated,  in  about  the  order  of  their  frequency — 

1.  Tanned  leather. 

2.  So-called  "rubber"  or  "gum." 

3.  Canvas. 

4.  "Fulled"  leather. 

5.  So-called  raw-hide. 

The  first  has  many  advantages  in  strength  and  convenience  of  repair 
over  all  others.  But  as  ordinarily  prepared  it  has  not  the  driving 
power  of  rubber  under  the  same  conditions,  as  has  been  proved  by  the 
experiments  of  Cheever,  Grimshaw,  and  others. 

It  has,  too,  the  demerit  of  being  exceedingly  hygrometric,  hence 
unfit  for  use  in  damp  places,  or  those  varying  suddenly  and  greatly  in 
humidity. 

The  fact  is  that  the  inferior  driving  power  of  oak-tanned  and  hem- 
lock-tanned leather,  as  compared  with  rubber,  is  largely  due  to  their 
stiffness. 

This  causes  transverse  wrinkling  of  their  under  surfaces,  and  for 
any  considerable  width  and  thickness  of  belt,  is  most  disadvantageous 
on  pulleys  of  small  diameter,  as  has  been  most  conclusively  proved  by 
Mr,  R.  Grimshaw,  member  of  your  Institute.  This  gentleman  pre- 
sented the  results  of  his  tests  in  this  direction,  in  his  paper  read  before 
your  body,  on  the  "  Influence  of  Pulley  Diameter  on  the  Driving  of 
Belts."* 

For  a  long  time  beltraakers  have  denied  that  this  was  so.  But  the 
tests  and  figures  to  which  I  refer  leave  us  no  longer  a  doubt  on  this 
subject. 

It  is  better  to  accept  a  fact,  however  unpleasant,  and  to  take  action 
in  accordance  therewith,  than  to  deny  it. 

I  have  the  honor  to  announce  that  I  have  discovered,  and  success- 
fully put  into  operation,  a  method  of  "  oil-dressing "  leather,  which 
gives  results  which  far  exceed  oak-tanned  leather  from  the  same  green 

*  Jour.  Franklin  Institute,  Vol.  Ixxxiii,  460.    (June,  1882.) 
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hides,  in  tensile  strength  and  in  grip  or  driving  power,  and  produces  a 
durable  and  waterproof  material  suited  for  use  in  the  most  exposed 
and  humid  conditions. 

Most  oil-dressed  leather  belts,  and  imitations  thereof,  while  water- 
proof enough,  have  been  deficient  in  pliability  and  strength,  and  still 
more  so  in  driving  power. 

I  take  pleasure  in  submitting  to  the  inspection  of  the  members  of 
the  Franklin  Institute  samples  of  the  "oil-dressed"  belting,  and  in 
appending  hereto  extracts  from  the  editorial  columns  of  the  Arncrican 
Journal  of  Railway  Appliances,  of  New  York,  dated  July  16th  and 
August  loth  and  31st. 

I  make,  however,  by  the  consent  of  the  editor-in-chief,  a  few  correc- 
tions that  are  manifestly  only  typographical,  and  add  to  the  tables  the 
horse-powers  at  the  more  usual  belt-speed  of  3,300  feet  per  minute. 

Cincinnati,  September  6,  1883. 

APPENDIX. 

From  American  Journal  of  Railway  Appliances,  July  15  : 
"The  following  figures  show  the  grip  of  a  four-inch  single  oil- 
dressed  leather  belt,  flesh  side  driving,  180°  arc,  on  a  thirty-six  inch 
turned  cast-iron  pulley. 

"  In  the  first  column  are  given  the  weight  in  pounds,  hung  on  one 
end  of  the  belt,  and  marked  T^ ;  in  the  second,  the  amount  hung  on 
the  other  end  to  make  the  belt  slip  on  the  pulley  (marked  TJ.  The 
third  column  gives  the  difference  between  these  two,  i.  e.,  the  net-grip, 
or  driving  power,  in  pounds.  Supposing  the  belt  to  have  this  same 
grip  at  a  velocity  of  1,000  lineal  feet  per  minute,  the  horse-power 
would  be  as  given  in  the  fourth  column." 


Weight,  lbs. 
ou  slack  end. 

Weight 
on  other  end,  to 
cause  slipping. 

Difference, 
orgiipin  pounds. 

Horse-power 
at  100()  feet  lineal 
speed  per  minute. 

Horse-power 
at  ;«(W  feet  lineal 
speed  per  minute. 

(Ta) 

(T,) 

(T,-T,.) 

100 

23.3% 

133% 

41     ■ 

18-36 

150 

32:} 

173 

5-24 

17-3 

175 

m'A 

178% 

5-41 

17-83 

200 

3731/,* 

173% 

5-25* 

17-a3 

211 

393»^ 

182% 

5"5 

18-2 

*  Probably  slipped  easier  than  expected,  by  reason  of  a  slippery  sjjot  in 
the  belt.  ' 
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From  American  Journal  of  Railway  Appliances,  July  31  : 
"The  same  piece  of  4"  single  ^  oil -dressed '    leather  belt  which  was 
run  '  flesh  side  to'  over  the  36"  cast-iron  pulley,  as  per  the  records  in 
No.   1    of  this  series,  was  then   run  'grain  side  to'  over  the  same 
pulley,  with  the  following  results : 


Weight  in  lbs. 
on  slack  side. 

Welglit 
required    to 
cause  slip. 

Net   grip   in 
pounds. 

Horse  power  at 

1000  feet  belt 

speed. 

Horse-power  at 

3:300  feet  belt 

speed. 

(Tj) 

(Ti) 

(Ti-To) 

75 

206% 

131% 

3-99 

13-16 

100 

240 

140 

4-24 

14- 

150 

273^ 

123% 

3-73* 

12-3 

175 

323 

148 

4-48 

14-8 

190 

346% 

156% 

4-75 

15-66 

200 

366% 

166% 

5-05 

16-66 

216 

420 

174 

5-27 

17-4 

250 

433% 

183% 

5-56 

18-36 

302 

573% 

271% 

8-02 

27-16 

"Noting  the  '  horse-power  at  1,000  feet  speed,'  increasing  the  slack 
tension  100  per  cent.,  from  100  to  200  pounds,  appears  to  increase  the 

*81 
net  erip  or  horse-power  only ,  or  not  quite  20  per  cent. 

"  It  will  be  noted  that  the  grain  side  of  this  new  '  oil-dressed '  belt 
drove  rather  better  than  the  flesh  at  100  pounds,  slack  tension,  but  at 
200  pounds  this  was  reversed.  If  we  can  depend  on  these  figures, 
that  means  that  the  hair  side  has  naturally  a  better  driving  surface, 
but  that  increasing  the  tension  flattens  down  the  roughnesses  on  the 
flesh  side,  and  thus  produces  a  better  driving  surface  than  the  hair  side 
under  the  same  tension." 

From  American  Journal  Railway  Appliances,  August  31 : 
"  The  first  two  articles  of  this  series  went  to  contrast  the  driving 
power  of  the  hair  and  flesh  sides  of  an  oil-dressed  belt,  on  a  turned 
<^st-iron  pulley,  under  various  degrees  of  tension.  The  same  belt  was 
also  tried,  '  hair  side  to,'  on  a  new  36-inch  poplar-faced  pulley  made  by 
Dodge  Bros.,  Mishawaka,  Ind. ;  and  as  the  driving  power  of  wooden 
pulleys  is  as  a  rule  greater  than  that  of  those  with  iron  rim,  the  tests 

*  In  this  set  a  greasy  place  evidently  caused  slip  when  150  lbs.  were 
applied. 
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were  commenced  Avith   a  very  light  tension ;  only  25  pounds  at  the 
slack  ends. 

"  The  results  were  as  follows  : 


"We  believe  these  figures  to  be  unparalleled  in  the  history  of  belt 
transmission.     Comparing  the  grip  at  100  pounds,  slack  tension,  with 

that  at  200  pounds,  we  find  it  increased   '        =  practically  4o  per  cent. ; 

but  comparing  the  grip  at  100  pounds,  slack  tension,  with  that  of  the 
same  side  of  the  same  belt  on  the  turned  cast-iron  pulley  we  find  them 
as  20  to  4*24,  or  practically  as  100  to  17,  or  about  6  to  1  in  favor  of 
the  poplar  pulley.  That  these  extraordinary  results  were  in  a  measure 
due  to  the  excellence  of  the  belting,  is  shown  by  the  records  of 
tests  made  almost  a  week  before  with  a  6-inch  double  oak-tanned 
belt  (hair  side  to),  180°  contact  on  the  same  30  new  poplar-faced  pulley. 
We  had  at  that  time  no  4-inch  single  oak-ttumed  belt ;  but  it  is 
not  very  unfair  to  the  oak-tanned  belt  to  compare  the  6-inch  double 
belt  at  150  pounds,  slack  tension,  with  the  4-inch  single  at  100 
pounds.     The  results  were  as  follows : 
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"  Suppose  we  take  two-thirds  the  drive  of  the  six-inch  double  belt, 
and  compare  with  the  entire  net  grip  of  the  four-inch  belt.  We  get, 
then,  as  follows : 


Tension  on  slack  side 

(T3) 


100 
125 
150 
200 


%  Horse-power  of 
six-incli  double  oak- 
tanned. 


8-5 
13-2 
13-8 
18-9 


Horse-power  of  four- 
inch  single  oil-dressed. 


20- 
23.08 
26-4 
37-66 


Per  cent,  superiority 
in  favor  of  oil- 
dressed. 


135 
74 
91 
47 


"  These  figures  show  such  a  variation  that,  lacking  further  examina- 
tion and  knowledge  of  the  surfaces  of  the  two  belts,  all  that  we  are 
justified  in  saying  is  that  the  new  single  oil-dressed  belting  has  a 
greater  grip  than  new  double  oak-tanned  ;  and  that  the  lighter  the  ten- 
sion, the  greater  the  superiority  of  the  more  pliable  single  oil-dressed 
belt." 

'  DISCUSSION. 

Mr.  J.  W.  Nystrom  remarked  that  the  heading  of  the  paper  did 
not  indicate  its  contents.  He  looked  for  a  description  of  oil-dressed 
belting,  and  found  instead  the  details  of  some  experiments  which  indi- 
cated a  smaller  coefficient  of  friction  in  the  belting  used  than  that 
found  in  ordinary  leather  belting  and,  therefore,  this  new  belting  pos- 
sessed inferior  driving  power. 

He  made  detailed  comparisons  in  each  case,  and  showed  that  only 
the  experiments  with  the  wooden  pulley,  described  in  the  last  table, 
gave  results  equal  to  the  average  results  of  ordinary  belting. 

Mr.  Hugo  Bilgram  : — The  statement  that  "  the  veiy  principle  of 
its  action  (i.  e.,  that  of  belting)  demands  a  certain  amount  of  slipping, 
say  from  2  per  cent,  as  a  minimum  to  15  per  cent,  or  20  per  cent,  as  a 
common  occurrence,"  refers  undoubtedly  to  the  legitimate  creeping 
owing  to  the  elasticity  of  the  belt,  not  to  a  bodily  slipping  which  may 
amount  up  to  100  per  cent.  To  say  that  the  loss  owing  to  creeping 
amounts  to  15  or  20  per  cent,  is  undoubtedly  unwarranted.  I  believe 
that  an  amount  equal  to  2  per  cent,  is  rarely  reached  in  practice. 

I  wish  to  say,  furthermore,  that  the  experiments  are  tabulated  in 


*  Hook  that  sustained  the  weights  broke  ;  belt  did  not  slip. 
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such  a  way  as  to  mislead  regarding  the  capabilities  of  the  belts.  The 
comparison  of  horse-power  is  based  on  the  tension  of  the  slack  side, 
while  it  should  be  based  on  that  of  the  tight  side,  and  is,  therefore, 
devoid  of  practical  value  in  the  shape  in  which  it  is  given. 


REPORT  OF  THE  COMMITTEE  OX  SCIEXCE  AXD  THE 

ARTS,  OX  THE  COMPARATIXE  :\rERITS  OF 

THE  PRESSURE-GOVERXIXG  GAS 

METER  AXD  GAS  BURXER. 


Hall  of  the  Franklin  Institute, 

Philadelphia,  March  26th,  1883. 

The  Committee  on  Science  and  the  Arts,  constituted  by  the  Frank- 
lin Institute  of  the  State  of  Pennsylvania,  to  which  was  referred  for 
examination  the  comparative  merits  of  the  pressure-governing  gas 
meter  and  gas  burner,  report :  In  judging  of  the  comparative  merits 
of  controlling  the  pressure  of  illuminating  gas  at  the  service  meter 
and  at  the  burner,  the  fiyst  and  essential  consideration  is  the  require- 
ment that  an  absolute,  unvarying  pressure  be  maintained  throughout 
the  premises  to  be  lighted — premises  of  60  feet  horizontal  extent  and 
30  feet  elevation  in  common  dwellings,  to  even  300  feet  horizontal 
extent  and  80  feet  elevation  in  the  large  manufacturing  establishments. 
The  question  is  which  of  the  two  modes  of  regulation  of  gas  pressure 
best  secures  the  desired  result. 

We  will  assume,  as  we  believe  we  are  right  in  doing,  that  practi- 
cally perfect  appliances  have  been  made  in  both  cases.  But  to  the 
successful  application  of  the  perfect  governor  meter  there  is  opposed  an 
insuperable  obstacle  which  is  not  encountered  by  the  governor  burner. 
The  fact  that  fluids  meet  with  a  certain  definite  resistance  from  fric- 
tion, tills  resistance  increasing  in  inverse  ratio  to  the  square  of  the 
diameter  of  the  tube,  and  also  the  fact  that  elevation  increases  the 
pressure  of  illuminating  gas  .so  as  to  considerably  more  than  overcome 
the  lo.ss  by  friction,  the  excess  being  about  one-tenth  of  an  inch  in 
each  elevation  of  lofeet;  these  considerations  make  it  impossible  to 
maintain  a  uniformity  of  pressure  throughout  an  ordinary  manufac- 
tory, or  even  a  common  dwelling,  by  regulating  the  pressure  at  any 
central  point.  Your  committee  have  at  hand  examples  fully  sustain- 
ing this  objection  to  the  governor  meter. 
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While  the  diiferences  of  pressure  alluded  to,  at  any  considerable 
horizontal  or  vertical  distances  from  the  meter  are  admitted  by  all^ 
some  have  thought  that  these  differences  could  be  overcome  by  checks 
applied  either  in  the  burner  or  in  the  key.  We  are  fully  of  opinion 
that  such  checks  could  never  be  so  adjusted  as  to  effectually  control 
the  flow  of  gas,  and  furnish  the  maximum  degree  of  light,  from  a  given 
amount  of  gas.  This  amount  has  been  found  by  many  experiments^ 
to  be  obtained  when  gas  burns  at  about  "25  of  an  inch  ignition 
pressure.  But  it  would  not  do  to  adjust  a  meter  to  give  this  pressure 
near  the  outlet,  for  at  any  considerable  horizontal  distance  the  light 
would  utterly  fail.  Given  half  an  inch  pressure  at  meter  outlet — 
and  at  100  feet  from  this  point,  with  the  ordinary  number  of  burners 
supplied  at  intervening  distances  from  the  ordinary  run  of  gas  pipe, 
such  as  prescribed  by  Gas  Trust  regulations,  the  pressure  would 
probably  not  exceed  one-tenth  of  an  inch  at  the  burner.  In  this  case,  to 
furnish  the  necessary  pressure  at  a  distance,  the  meter  must  be  adjusted 
to  give  the  gas  an  inch,  or  one  and  a  half  inches,  pressure  at  the  outlet. 
This  excess  of  pressure  in  the  immediate  vicinity  it  is  proposed  to 
overcome  by  checks,  either  in  the  burner  or  in  the  key.  If  applied 
in  the  burner,  by  using  smaller  tips,  this  would,  to  be  sure,  check  the 
flow  of  gas,  but  not  increase  the  already  too  great  ignition  pressure. 
If  the  check  is  in  the  key  it  would  require  an  independent  adjustment 
in  each  burner,  according  to  distance,  and  whenever  only  some  of 
the  burners  were  lighted  the  accuracy  of  the  adjustment  would  be 
destroyed,  and  the  regulation  would  prove  a  failure.  Moreover, 
without  taking  into  account  the  cost  of  the  governor  meter,  which  in 
ordinary  houses  is  almost  equal  to  that  of  governor  burners,  this  plan 
would  prove  nearly  if  not  quite  as  expensive  as  the  use  of  reliable 
governor  burners;  and  the  throttle,  being  a  fixed  opening,  is  more 
likely  to  become  clogged  than  the  variable  and  continually  varying 
opening  of  the  governor  burner. 

Neither  can  this  check  be  applied  at  any  one  place  for  each  addi- 
tional elevation,  to  govern  all  the  burners  on  that  level ;  for  the  low 
ignition  pressure,  alone  admissible  to  obtain  the  best  light,  would  not 
suffice  for  distant  burners.  Here  also,  therefore,  each  burner  must 
have  its  regulator ;  and  here  also,  if  only  a  part  of  the  burners  are 
in  use,  the  regulation  is  destroyed. 

In  favor  of  meter  regulators,  it  is  to  be  said,  that  they  will  act  at 
somcAvhat  lower  street  pressure  than  governor  burners ;  but  reliable 
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governor  burners  are  produced  requiring  only  '6  of  an  inch  initial 
pressure,  which  is  only  a  slight  increase  over  that  required  by  meter 
regulators. 

The  committee  is  far  from  holding  the  opinion  that  a  meter  gov- 
ernor is  of  no  benefit.  On  the  contrary,  it  believes  that  a  reliable 
governor  meter  may  always  be  so  adjusted  as  to  secure  some  economy 
in  the  use  of  illuminating  gas.  But  the  question  before  the  commit- 
tee is,  which  method  of  gas-governing  secures  the  more  perfect  economy 
and  illumination. 

On  the  whole,  your  committee  concludes :  1st.  That,  owing  to  the 
friction  of  the  gas  in  traversing  the  pipes,  and  also  the  comparative 
buoyancy  of  illuminating  gas,  it  is  impossible  to  maintain  a  uniform 
pressure  of  gas  throughout  even  a  limited  establishment  by  use  of  a 
central  or  meter  regulator. 

3d.  That  reliable  governor  burners,  owing  to  their  situation,  will 
preserve  a  uniform  and  unvarying  pressure  throughout  any  premises, 
however  extensive,  provided  the  street  pressure  is  sufficient  to  supply 
the  requisite  amount  of  gas. 

Approved  Sept.  5,  1883. 

H.  R.  Heyl,  Ch'n  Cora.  Science  and  Arts. 

Wm  H.  Wahl,  Secretary. 


Bleaching  by  Electricity- — Dr.  Dobbie  and  M.  Hutcheson 
have  obtained  impoiiant  results  by  examining  the  action  of  the  elec- 
tric current  on  a  solution  of  marine  salt.  The  chloride  of  sodium  is 
decomposed,  as  is  well  known,  and  if  the  solution  is  neutral,  some  of 
the  chlorine  is  set  free  and  hypochlorite  of  soda  is  produced ;  if  the 
solution  is  alkaline,  there  is  a  simple  production  of  the  hypochlorite; 
if  the  solution  is  acid  there  is  a  yield  of  chlorine  and  of  soda.  The 
inventors  have  sought  to  apply  this  reaction  to  bleaching  and  their 
experiments  seem  to  have  been  perfectly  successful.  Without  going 
into  details,  it  may  be  easily  understood  that  the  production  of  hypo- 
chlorite, or  of  chlorine,  in  a  fabric  which  is  impregnated  with  a  solu- 
tion of  chloride  of  sodium,  simplifies  the  operation  of  bleaching  aud 
renders  it  much  more  efficacious,  because  it  takes  place  in  the  very 
pores  of  the  tissue.  The  washings  and  the  preparatory  leachiugs  may 
thus  be  dispensed  with.  Delahaye  anticipated  the  possibility  that  the 
invention  may  lead  to  a  new  process  for  the  direct  niaimfacture  of 
soda. — L'Electrioien,  No.  40.  C. 
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MR.  THEODORE  D.  RAND'S  CRITICISM  OF  VOL.  C., 
GEOLOGY  OF  CHESTER  CO  ,  PENNA. 

The  undersigned  has  expressed  elsewhere  his  views  of  the  defects 
of  this  vohune,  mainly  however,  confining  himself  (as  he  proposes 
to  do  in  this  instance)  to  those  parts  which  bear  upon  his  own  work. 

Mr.  Rand  has  noted  numerous  and  flagrant  errors  in  the  editing  of 
that  portion  derived  from  Rogers. 

Mr.  Rand  thinks  that  the  map  of  the  present  writer  "  of  a  scale  one 
inch  to  two  miles,  Vf\i\\  the  coloring  in  dispute,  and  one  long  line 
which  has  no  geological  value  whatever,  but  is  merely  a  temporary 
expedient"  (p.  vi.),  is  not  a  great  advance  over  that  published  by 
Rogers  twenty-five  years  ago.  All  the  gneisses  and  mica  schists  south 
of  the  South  Valley  hill  are  embraced  in  one  color.  The  trap  (pp. 
87  and  218)  on  the  north  side  of  the  serpentine  Easttown  is  not  upon 
the  map."  That  the  map  is  very  far  from  perfect,  its  author  will 
readily  admit,  and  yet  this  style  of  criticism  is  not  unlike  that  often 
heard  from  those  good  old  gentlemen  during  the  late  rebellion,  who  over 
their  breakfast  tables  were  wont  1o  upbraid  the  officers  of  our  Union 
armies  for  their  military  short-comings.  It  is  easy  to  find  fault  with 
any  geological  map,  and  often  with  better  reason  than  the  above  quota- 
tion shows.  For  instance,  though  it  is  true  that  Dr.  Frazer's  map  is  of 
one  inch  to  two  miles,  Rogers'  map,  over  which  it  is  said  to  be  no  great 
advance,  is  on  a  scale  of  one  inch  to  five  miles.  In  scale  the  advance 
IS  thus  sixty  per  cent.  Nobody  has  disputed  the  coloring  except  of 
the  belt  which  the  editor  of  C4  states  that  he  introduced  contrary  to 
the  wish  of  the  author  of  the  map.  It  is  true  that  all  the  gneisses 
and  mica  schists  south  of  the  South  Valley  hill  are  embraced  in  one 
color,  because  the  task  of  differentiation  would  have  required  a  much 
longer  time  than  was  accorded,  and  this  was  explained  to  the  Chief 
Geologist,  who  decided  to  publish,  with  a  single  color  for  all  pre- Pots- 
dam rocks.*     But  it  is  not  a  fact  that  Roger's  altered  primal  is  a  well- 


*  This  is  what  was  done  in  the  three  counties  of  Adams,  York  and  Lan- 
caster. In  the  former  two  the  pink  color  was  devoted  respectively  to  "Azoic  " 
and  "Azoic  slates  etc."  In  the  latter  two  some  attemjit  was  made  to  sepa- 
rate the  chloritic  areas  from  the  other  eozoic  or  azoic,  but  it  was  not  satis- 
factory in  the  eastern  part  of  Lancaster;  and  further  to  the  East  in  Chester 
it  was  as  before  stated  a  total  failure  in  the  time  allowed,  as  was  also  the  at- 
tempt to  define  the  southern  boundary  of  the  hydro-mica  series  of  the  South 
Valley  Hill.  The  Chief  Geologist  asserted  in  the  letter  of  transmittal  of 
CCC  that,  "  Had  the  whole  corps  of  the  survey  combined  force  on  Lan- 
caster County  for  a  year  it  would  not  have  been  overstudied."  "In  fact, 
there  is  work  in  Lancaster  County  for  a  diligent  geologist  for  ten  years." 
What  should  he  say  of  Chester? 
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defined  rock ;  on  the  contrary,  a  more  heterogeneous  collection  of 
gneisses,  mica-schists,  hydro-mica  schists,  chlorites,  feldspar-porphy- 
ries, clays,  and  quartz  slates  than  are  found  in  the  regions  which  he 
colored  as  altered  primal,  it  would  be  difficult  to  collect  together  from 
the  two  hemispheres.  The  statement  that  "  the  trap  (pp.  87  and  218) 
on  the  north  side  of  the  serpentine  Easttown  is  not  upon  the  map"  is 
erroneous. 

Mr.  Rand  says,  "  In  papers  published  in  the  "  Proc.  Min.  and  Geo). 
Sec,  Acad,  of  Nat.  Sci.,"  1880-81,  pp.  9  and  28,  Theodore  D.  Rand 
asserted  that  the  serpentine  in  Radnor  and  Easttown,  instead  of  out- 
cropping in  lines  which  if  prolonged,  would  meet  as  mapped  by  Hall 
and  by  Dr.  Frazer  in  the  present  volumt?,  had  an  echelon  structure 
the  strike  being  from  S.  40°  W.  to  S.  60°  W.,  while  a  line  joining  the 
exposures  would  be  nearly  E.  and  W.,  etc.  ...  A  map  of  outcrops 
was  published  with  the  text.  If  these  outcrops  are  as  stated,  the  fact 
is  of  interest;  if  they  are  not,  the  error  should  have  been  corrected." 

If  one  subjects  tliis  statement  to  the  same  test  of  textual  accuracy 
which  its  author  imposes  upon  the  subjects  of  his  reviews,  it  will  be 
found  wanting.  Mr.  Rand  gives  the  observations  on  which  he  founds 
his  echelon  theory  in  the  first  of  these  papers,  with  three  lines  of  the 
theory  itself  (pp.  10,  11).  In  the  second  paper  no  allusion  is  made  to 
the  serpentine  in  Radnor  and  Easttown.  To  quote  his  own  striking 
phrase,  slightly  altered  :  '  I  am  quite  familiar  Avith  his  two  papers.  I 
have  searched  for  allusions  to  the  Radnor  and  Easttown  serpentines  in 
the  second  of  them  without  finding  such  allusions  in  it ;  and  I  believe, 
therefore,  that  they  do  not  exist.'  This,  however,  is  mere  word  chop- 
ping. It  is  evident  that  Mr.  Rand  did  announce  a  theory  as  to  the 
position  of  the  serpentines,  which  would  be  interesting  if  well-founded 
— the  more  so  since  it  would  seem  to  establish  beyond  a  doubt  either 
that  there  were  a  series  of  parallel  faults  and  throws  which  had  succes- 
sively forced  the  western  portions  of  the  belt  containing  the  serpentine 
to  the  north,  or  the  easterly  portion  to  the  south,  or  that  there  was  a 
zone  of  serpentine  belts  at  an  oblique  angle  to  their  strike.  The  first 
of  these  hypotheses  will  hardly  bear  examination,  the  boundary  lines 
of  the  oldest  formations  show  no  such  disjointing  in  the  lines  of  these 
deposits  as  would  necessarily  result  from  a  series  of  throws  such  as  are 
imagined.  The  second  presents  an  old  observation  in  a  new  light,  and 
is  directly  in  accord  with  so  much  of  the  views  of  Mr.  Charles  Hall,  the 
writer  and  many  others  as  relate  to  the  metamorphic — perhaps  metaso- 
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matic — *  origin  of  the  serpentines ;  for  nothing  could  more  clearly  pre- 
clude the  idea  of  separate  deposits  of  a  given  rock  than  its  occurrence 
in  small  isolated  patches  in  different  horizons  of  different  groups  of 
other  rocks  with  which,  nevertheless,  it  agrees  practically  in  strike.  It 
is  therefore,  with  no  prejudice  against  the  hypothesis  that  the  writer 
examined  into  its  foundation. 

As  stated  in  Mr.  Rand's  first  paper,  in  {Proc.  Min.  and  Geol.  Sec.^ 
A.  N.  S.),  the  first  outcrop  of  his  middle  belt  of  serpentine  in  Radnor 
township  ±  i  mile  N.  E.  of  Radnor  station  strikes  nearly  E.  and  W., 
as  do  the  rocks  which  bound  it.  The  southern  edge  of  black  serpen- 
tine near  Morrell's  new  house  (N.  E.  of  Radnor  station)  strikes  about  E. 
5°  N.  The  general  dip  is  southwardly,  and  in  following  the  road 
from  Radnor  station  one  passes  obliquely  to  older  strata.  The  ])erpen- 
dicular  thickness  of  the  serpentine  from  its  southern  to  its  northern 
edge  is  about  141  feet,  while  the  road  crosses  the  strike  at  an  angle  of 
40°  for  a  distance  of  about  660  feet. 

The  complexion  of  the  rocks  of  this  belt  is  very  variable,  and  the 
dips  across  it  vary  from  S.  to  S.  5°  E-65°  on  the  southern  edge  to 
S.  10°  to  15°  E-75°  to  85°  on  the  northern  edge.  It  is  doubtful  if 
this  change  of  dip  has  structural  significance,  but  if  so  it  implies  a 
sharp  anticlinal  here.  At  a  point  about  106  feet  perpendicularly 
across  the  strike  is  a  schist  which,  while  justifying  the  appellation  of 
talc  schist,  resembles  in  its  habit  that  which  it  in  all  probability  orig- 
inally was,  viz.:  a  nacreous,  perhaps  chloritic-nacreous  schist.  At 
about  200  feet  perpendicularly  across  the  strike  occurs  a  veiy  much 
decomposed  rock  containing,  besides  its  talc  and  chrysotile,  quartz,  and 
some  little  hornblende  fragments.  A  quarry  in  serpentine  near  Mr. 
Morrell's  house  dips  N.  20°  W-78°. 

The  boundary  of  the  serpentine  across  a  small  branch  of  Gulf  Creek 
is  a  heavy  bedded  hornblendic  gneiss  dipping  N.  15°  W.-S?®. 

This  illustrates  the  great  variations  in  composition  and  posture  of 
these  serpentiuous  layers,  and  also  their  proximate  agreement  in  this 
latter  particular  with  the  neighboring  strata. 

Passing  by  the  second  ("inconspicuous")  deposit^to  the  west  we 
come  to  a  finely  exposed  quarry  on  a  hill  but  a  couple  of  hundred  feet 
from  Mr,  Rand's  house. 

*  Dr.  T.  Sterry  Hunt  has  invented,  and  Principal  Dawson,  in  his  recent 
address  before  the  meeting  of  the  A.  A.  A.  S.,  at  Minneapolis,  has  employed 
a  new  word — "  metasomatosis,"  to  replace  the  old  and  well-established 
word   "metasomatism."  The  advantage  of  the'substitution  may  be  doubted. 
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Here  the  northwesterly  portion  of  the  deposit  dips  S.  20°  E.-54° 
though  the  planes  taken  for  bedding  are  very  much  \^aved  and  con- 
torted. The  southeastern  part  of  the  exposure  appears  to  dip  X.  30° 
E-85.  The  region  of  the  quarry  where  these  divei'se  planes  seem 
nearly  to  join  is  marked  by  doubtful  indications  of  structure.  If  there 
be  any  foundation  for  these  observations,  this  would  aj>pear  to  be  a 
synclinal  of  canoe  shape  viewed  here  close  to  its  S.  W.  end.  The 
thickness  of  rock  dipping  S.  10°  E  appears  to  be  greater  than  that 
dipping  N  30°  E.  [A  specimen  of  a  lenticular  mass  (possibly  pseudo- 
raorph)  of  green  in  Avhite  serpentine  was  found  here,  the  interior  of  the 
former  being  transformed  into  chrysotile.] 

These  observations  seem  to  show  how  a  continuous  structure  con- 
necting the  detached  outcrops  might  be  compatible  with  a  diiference 
of  strike  from  that  of  the  country  rock. 

Of  minor  outcrops  in  Easttown,  one,  he  says,  "with  a  strike  of  S. 
40°  ^\.  dips  about  75°  or  80°  S."     (sic.) 

Passing  by  the  fifth,  of  which  he  says  the  strike  is  indistinct,  and 
coming  to  the  sixth,  "  S.  AV.  of  (old)  Eagle  station,"  thick  beds  of  ser- 
pentine are  visible,  very  much  waved,  dipping  E.  30°  S.-55°  to  60°. 

The  strike  seems  to  average  throughout  the  quarry  ±  N.  30°  E. 
There  is  no  indication  of  either  anticlinal  or  synclinal  here,  but  the 
rock  is  talcose  schist  with  a  strong  resemblance  to  chloritic  character. 

The  ninth  is  about  a  mile  south  of  Berwyn  station,  near  Joim 
Ivister's  house.  The  signs  of  this  outcrop  are  wanting  on  the  road  but 
the  opening  is  seen  in  a  field  about  100  feet  east  of  it,  and  just  north 
of  certain  indications  of  trap  which  can  be  seen  there. 

The  schistose  character  of  the  deposit  is  indubitable.  There  are  three 
or  four  bands  of  well  defined  schists  bounding  the  serpentine  on  the 
north  and  on  tiie  south  and  occurring  in  several  lines  between  these  two. 

The  average  dip  of  the  talc  schist  and  serpentine  from  a  number  of 
observations  is  E.  40°  S.-88°.  About  ten  feet  north  of  the  excavation 
a  verv  chloritic-looking  schist  strikes  N.  40°  E.  Here  again  the  gen- 
eral resemblance  to  the  chloritic  schists  in  habit  and  the  waving  char- 
acter of  the  beds  are  prominent  features. 

To  sum  up,  therefore,  it  seems  to  be  ininecessary  to  suppose  a  strike 
of  the  serjKMitine  differing  from  the  general  strike  of  the  rocks  adjacent 
to  it  or  from  the  trend  of  the  detached  outcrops,  provided  that  the 
almost  universal  waving  of  the  outcrops  of  the  schists  generally ;  and 
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provided  that  a  n umber  of  lines  of  serpentine  in  the  serpentine  belt  be 
conceded. 

The  evidence  in  favor  of  the  alteration  of  nacrites,  and  chloritic  rocks 
into  these  talc  schists  and  serpentine  with  their  accompanying  minerals 
is  partly  geographical,  partly  stratigraphical  and  partly  chemical.  As 
to  the  first,  it  is  undeniable  that  directly  north  of  the  serpentine  num- 
bered "9"  by  Mr.  Rand  the  hydro-mica  schists  of  the  south  valley 
come  in  and  extend  to  the  valley.  Though  they  are  not  found  in  place 
near  the  serpentine,  the  aspect  of  the  fragments  is  much  like  that  of  the 
fragments  of  the  schistose  boundaries  and  partings  of  the  Ivister 
quarry.  As  to  the  stratigraphical  side  of  the  case  the  nacrites  show 
the  same  meandering  strike  lines,  where  exposed,  that  one  sees  here  in 
the  serpentine ;  and  point  directly  towards  the  latter  from  nearly  west 
and  east  of  this  outcrop.*  Chemically  the  large  amount  of  magnesia 
which  these  beds  contain  renders  their  transition  easy  to  accept  especi- 
ally as  innumerable  cases  of  such  transitions  are  well  known  elsewhere. 

To  Mr.  Rand's  implied  question,  therefore,  whether  the  echelon 
structure  be  admitted,  I  am  constrained  to  answer  in  the  negative 
according  to  my  present  light,  though  I  am  open  to  demonstration  and 
shall  be  pleased  to  be  convinced. 

It  should  be  said  in  conclusion  that  if  time  had  been  accorded  it 
was  the  WTiter's  intention  to  finish  the  geological  map  of  Chester 
county  by  an  attempt  to  differentiate  the  component  parts  of  what  is 
colored  as  "  Eozoic."  A  large  but  not  nearly  large  enough  amount  of 
information  had  been  collected  to  this  end,  but  the  demand  for  a  com- 
pleted map  with  the  minimum  delay  led  to  the  adoption  of  the  plan 
which  assigned  a  single  color  to  all  the  pre-Potsdam  series. 

Philadelphia,  Sept.  20,  1883.  Peesifor  Frazer. 


Preservation  of  Vulcanized  Rubber. — W.  Hempel,  a  German 
chemist,  recommends  keeping  articles  of  vulcanized  rubber  in  an  atmos- 
phere of  petroleum.  When  tubes,  stoppers,  or  other  vulcanized  arti- 
cles are  hardened,  he  states  that  they  may  be  made  pliable  by  exposing 
them  in  an  atmosphere  of  carbon  bisulphide. — Les  Mondes,  December 
30,  1882. C.__ 

*  It  must  be  admitted  that  if  this  waving  of  the  outcrop  consists  in  a  varia- 
tion of  strike  between  E.  and  N.  30°  E.,  there  are  instances  of  serpentine 
with  many  intermediate  strikes  and  both  the  above,  in  the  interval  between 
Radnor  and  the  Paoli.  If  it  were  not  for  this  fact  it  would  be  difficult  to 
account  for  the  occurrence  of  Serpentine  only  in  those  parts  of  the  meas- 
ures where  the  latter  strike  prevailed. 
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A  PLEA  FOR  PURE  SCIE^X'E.* 


By  Prof.  H.  A.  Rowland. 

[All  address  delivered  before  Section  B  (Pliysics),  American  Association  for  the 
Advancement  of  Science.    Minneapolis,  1883.J 


The  question  is  sometimes  asked  us  as'to  the  time  of  year  we  like 
the  best.  To  my  mind,  the  spring  is  the  most  delightful ;  for  nature 
then  recovers  from  the  apathy  of  winter,  and  stirs  herself  to  renewed 
life.  The  leaves  grow,  and  the  buds  open,  with  a  suggestion  of  vigor 
delightful  to  behold ;  and  we  revel  in  this  ever-renewed  life  of  nature. 
But  this  cannot  always  last.  The  leaves  reach  their  limit ;  the  buds 
open  to  the  full,  and  pa.ss  away.  Then  we  begin  to  ask  ourselves 
whether  all  this  display  has  been  in  vain,  or  whether  it  has  led  to  a 
bountiful  harvest. 

So  this  magnificent  country  of  ours  has  rivalled  the  vigor  of  spring 
in  its  growth.  Forests  have  been  levelled,  and  cities  built,  and  a 
large  and  powerful  nation  has  been  created  on  the  face  of  the  earth. 
We  are  proud  of  our  advancement.  We  are  proud  of  such  cities  as 
this,  founded  in  a  day  upon  a  spot  over  wliich,  but  a  few  years  since, 
the  red  man  hunted  the  buffalo.  But  we  must  remember  that  this  is 
only  the  spring  of  our  country.  Our  glance  must  not  be  backward ; 
for  however  beautiful  leaves  and  blossoms  are,  and  however  marvel- 
lous their  rapid  increase,  they  are  but  leaves  and  blossoms  after  all. 
Rather  should  we  look  forward  to  discover  what  will  be  the  outcome 
of  all  this,  and  what  the  chance  of  harvest.  For  if  we  do  this  in  time, 
we  may  discover  the  worm  which  threatens  the  ripe  fruit,  or  the  barren 
spot  where  the  harvest  is  withering  for  want  of  water. 

I  am  required  to  addre.ss  the  so-called  physical  section  of  this  asso- 
ciation. Fain  would  I  speak  plea.sant  words  to  you  on  this  subject; 
fain  would  I  recount  to  you  the  progress  made  in  this  subject  by  my 
countrymen,  and  their  noble  efforts  to  understand  the  order  of  the 
universe.  But  I  go  out  to  gather  the  grain  ripe  to  the  harvest,  and  I 
find  only  tares.  Here  and  then  a  noble  iiead  of  grain  ri.ses  above  the 
weeds;  but  so  few  are  they,  that  I  find  the  majority  of  my  country- 
men know  them  not, -but  tliink  that  they  have  a  waving  harvest,  while 

*  In  using  the  word  "science,"  I  refer  to  piiysieal  science,  as  I  know 
notliiiig  of  natural  science.  Probably  my  remarks  will,  however,  applj'  to 
both,  but  1  do  not  know. 
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it  is  only  one  of  weeds  after  all.  American  science  is  a  thing  of 
the  future,  and  not  of  the  present  or  past ;  and  the  proper  course  of 
one  in  my  position  is  to  consider  what  must  be  done  to  create  a  science 
of  physics  in  this  country,  rather  than  to  call  telegraphs,  electric  lights, 
and  such  conveniences,  by  the  name  of  science.  T  do  not  wish  to 
underrate  the  value  of  all  these  things :  the  progress  of  the  world 
depends  on  them,  and  he  is  to  be  honored  who  cultivates  them  success- 
fully. So  also  the  cook  who  invents  a  new  and  palatable  dish  for  the 
table  benefits  the  world  to  a  certain  degree ;  yet  we  do  not  dignify  him 
by  the  name  of  a  chemist.  And  yet  it  is  not  an  uncommon  thing, 
especially  in  American  newspapers,  to  have  the  applications  of  science 
confounded  with  pure  science ;  and  some  obscure  American  who  steals 
the  ideas  of  some  great  mind  of  the  past,  and  enriches  himself  by  the 
application  of  the  same  to  domestic  uses,  is  often  lauded  above  the 
great  originator  of  the  idea,  who  might  have  worked  out  hundreds  of 
such  applications,  had  his  mind  possessed  the  necessary  element  of 
vulgarity.  I  have  often  been  asked,  which  was  the  more  important  to 
the  world,  pure  or  applied  science.  To  have  the  applications  of  a 
science,  the  science  itself  must  exist.  Should  we  stop  its  progress,  and 
attend  only  to  its  applications,  we  should  soon  degenerate  into  a  people 
like  the  Chinese,  who  have  made  no  progress  for  generations,  because 
they  have  been  satisfied  with  the  applications  of  science,  and  have 
never  sought  for  reasons  in  what  they  have  done.  The  reasons  con- 
stitute pure  science.  They  have  known  the  application  of  gunpowder 
for  centuries ;  and  yet  the  reasons  for  its  peculiar  action,  if  sought  in 
the  proper  manner,  would  have  developed  the  science  of  chemistry, 
and  even  of  physics,  with  all  their  numerous  applications.  By  con- 
tenting themselves  with  the  fact  that  gunpowder  will  explode,  and 
seeking  no  farther,  they  have  fallen  behind  in  the  jjrogress  of  the 
world ;  and  we  now  regard  this  oldest  and  most  numerous  of  nations 
as  only  barbarians.  And  yet  our  own  country  is  in  the  same  state. 
But  we  have  done  better;  for  we  have  taken  the  science  of  the  Old 
World,  and  applied  it  to  all  our  uses,  accepting  it  like  the  rain  of 
heaven,  without  asking  whence  it  came,  or  even  acknowledging  the 
debt  of  gratitude  we  owe  to  the  great  and  unselfish  workers  who  have 
given  it  to  us.  And,  like  the  rain  of  heaven,  this  pure  science  has 
fallen  upon  our  country,  and  made  it  great  and  rich  and  strong. 

To  a  civilized  nation  of  the  present  day,  the  applications  of  science 
are  a  necessity ;  and  our  country  has  hitherto  succeeded  in  this  line, 
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only  for  the  reason  that  there  are  certain  countries  in  the  world  where 
pure  science  has  been  and  is  cultivated,  and  where  the  study  of  nature 
is  considered  a  noble  pursuit.     But  such  countries  are  rare,  and  those 
who  wish  to  pursue  pure  science  in  our  own  country  must  be  {prepared 
to  face  public  opinion  in  a  manner  which  requires  much  moral  courage. 
They  must  be  prepared  to  be  looked  down  upon  by  every  successful 
inventor  whose  shallow  mind  imagines  that  the  only  pursuit  of  man- 
kind is  wealth,  and  that  he  who  obtains  most  has  best  succeeded  in 
this  world.     Everybody  can  comprehend  a  million  of  money  ;  but  how 
few  can  comprehend  any  advance  in  scientific  theory,  especially  in  its 
more  abstruse  portions !     And  this,  I  believe,  is  one  of  the  causes  of 
the  small  number  of  pei'sons  who  have  ever  devoted  themselves  to 
work  of  the  higher  order  in  any  human  pursuit.     Man  is  a  gregarious 
animal,  and  depends  very  much,  for  his  happiness,  on  the  sympathy  of 
those  around  him  ;  and  it  is  rare  to  find  one  with  the  courage  to  pursue 
his  own  ideals  in  spite  of  his  surroundings.     In  times  past,  men  were 
more  isolated  than  at  present,  and  each  came  in  contact  with  a  fewer 
number  of  people.     Hence  that  time  constitutes  the  period  when  the 
great  sculptures,  paintings  and   poems  were  produced.     Each  man's 
mind  was  comparatively  free  to  follow  its  own  ideals,  and  the  results 
were  the  great  and  unique  works  of  the  ancient  masters.     To-day  the 
railroad  and  the  telegraph,  the  books  and  the  newspapers,  have  united 
each  individual  man  with  the  rest  of  the  world :  instead  of  his  mind 
being  an  individual,  a  thing  apart  by  itself,  and  unique,  it  has  become 
so  influenced  by  the  outer  world,  and  so  dependent  upon  it,  tiuit  it  has 
lost   its  originality  to  a  great  extent.     The  man  who  in  times  past 
would  naturally  have  been  in  the  lowest  depths  of  poverty,  mentally 
and  physically,  to-day  measures  tape  behind  a  counter,  and  with  lordly 
air  advises  the  naturally  born  genius  how  he  may  best  bring  his  out- 
ward appearance  down  to  a  level  with  his  own.     A  new  idea  he  never 
had,  but  he  can  at  least  cover  his  mental  nakedness  with  ideas  imbibed 
from  others.     So  the  genius  of  the  past  soon  perceives  that  his  higher 
ideas  are  too  high  to  be  appreciate<l  by  the  world ;  his  mind  is  clipped 
down  to  the  standard  form  ;  every  natural  offsiioot  upwards  is  rej)re.ssed, 
until  the  man  is  no  iiigher  than  iiis  fellows.     Hence  the  world,  throuijh 
the  abundance  of  its  intercourse,  is  reduced  to  a  level.     What  was  for- 
merly a  grand  and  magnificent   landscape,  with   mountains  ascending 
al)ove  the  clouds,  and  depths  whose  gloom  we  cannot  now  appreciate, 
has  become  serene  and  peaceful.     The  depths  luive  been  filleil,  and  the 
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heights  levelled,  and  the  wavy  harvests  and  smoky  factories  cover  the 
landscape. 

As  far  as  the  average  man  is  concerned,  the  change  is  for  the  better. 
The  average  life  of  man  is  far  pleasanter,  and  his  mental  condition 
better,  than  before.  But  we  miss  the  vigor  imparted  by  the  moun- 
tains. We  are  tired  of  mediocrity,  the  curse  of  our  country.  We  are 
tired  of  seeing  our  artists  reduced  to  hirelings,  and  imploring  Congress 
to  protect  them  against  foreign  competition.  We  are  tired  of  seeing 
our  countrymen  take  their  science  from  abroad,  and  bo2st  that  they 
here  convert  it  into  wealth.  We  are  tired  of  seeing  our  professors 
degrading  their  chairs  by  the  pursuit  of  applied  science  instead  of  pure 
science ;  or  sitting  inactive  while  the  whole  world  is  open  to  investiga- 
tion ;  lingering  by  the  wayside  while  the  problem  of  the  universe 
remains  unsolved.  ,  We  wish  for  something  higher  and  nobler  in  this 
country  of  mediocrity,  for  a  mountain  to  relieve  the  landscape  of  its 
monotony.  We  are  surrounded  with  mysteries,  and  have  been  created 
with  minds  to  enjoy  and  reason  to  aid  in  the  unfolding  of  such  myste- 
ries. Nature  calls  to  us  to  study  her,  and  our  better  feelings  urge  us 
in  the  same  direction. 

For  generations  there  have  been  some  few  students  of  science  who 
have  esteemed  the  study  of  nature  the  most  noble  of  pursuits.  Some 
have  been  wealthy,  and  some  poor ;  but  they  have  all  had  one  thing 
in  common — the  love  of  nature  and  its  laws.  To  these  few  men  the 
world  owes  all  the  progress  due  to  applied  science,  and  yet  very  few 
ever  received  any  payment  in  this  world  for  their  labors. 

Faraday,  the  great  discoverer  of  the  principle  on  which  all  machines 
for  electric  lighting,  electric  railways,  and  the  transQiission  of  power, 
must  rest,  died  a  poor  man,  although  others  and  the  whole  world  have 
been  enriched  by  his  discoveries.  And  such  must  be  the  fate  of  the 
followers  in  his  footsteps  for  some  time  to  come. 

But  there  will  be  those  in  the  future  who  will  study  nature  from 
pure  love,  and  for  them  higher  prizes  than  any  yet  obtained  are  waiting. 
We  have  but  yet  commenced  our  pursuit  of  science,  and  stand  upon  the 
threshold  wondering  what  there  is  within.  We  explain  the  motion  of 
the  planet  by  the  law  of  gravitation ;  but  who  will  explain  how  two 
bodies,  millions  of  miles  apart,  tend  to  go  toward  each  other  with  a 
certain  force? 

We  now  weigh  and  measure  electricity  and  electric  currents  with  as 
much  ease  as  ordinary  matter,  yet  have  we  made  any  approach  to  an 
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explanation  of  the  phenomenon  of  electricity  ?  Light  is  an  undulatory 
motion,  and  yet  do  we  know  what  it  is  that  undulates  ?  Heat  is  mo- 
tion, yet  do  we  know  what  it  is  that  moves?  Ordinary  matter  is  a 
common  substance,  and  yet  who  shall  fathom  the  mystery  of  its  inter- 
nal constitution  ? 

There  is  room  for  all  in  the  work,  and  the  race  has  but  commenced. 
The  problems  are  not  to  be  solved  in  a  moment,  but  need  the  best  work 
of  the  best  minds,  for  an  indefinite  time. 

Shall  our  country  be  contented  to  stand  by,  while  other  countries 
lead  in  the  race?  Shall  we  always  grovel  in  the  dust, and  pick  up  the 
crumbs  Mhich  fall  from  the  rich  man's  table,  consisting  ourselves  richer 
than  he  because  we  have  more  crumbs,  while  we  forget  that  he  has  the 
cake,  which  is  the  source  of  all  crumbs  ?  Shall  we  be  swine,  to  whom 
the  corn  and  husks  are  of  more  value  than  the  pearls  ?  If  I  read 
aright  the  signs  of  the  times,  I  think  we  shall  not  always  be  contented 
with  our  inferior  position.  From  looking  down  we  have  almost  become 
blind,  but  may  recover.  In  a  new  country  the  necessities  of  life  must 
be  attended  to  first.  The  curse  of  Adam  is  upon  us  all,  and  Ave  must 
earn  our  bread. 

But  it  is  the  mission  of  applied  science  to  render  this  easier  for  the 
whole  world.  There  is  a  story  Avhich  I  once  read,  which  will  illus- 
trate the  true  position  of  applied  science  in  the  world.  A  boy,  more 
fond  of  reading  than  of  work,  was  employed,  in  the  early  days  of  the 
steam-engine,  to  turn  the  valve  at  every  stroke.  Necessity  was  the 
mother  of  invention  in  his  case  :  his  reading  was  disturbed  by  his  work, 
and  he  soon  discovered  that  he  might  become  free  from  his  work  by  so 
tying  the  valve  to  some  movable  portion  of  the  engine,  as  to  make  it 
move  its  own  valve.  So  I  consider  that  the  true  pursuit  of  mankind 
is  intellectual.  The  scientific  study  of  nature  in  all  its  branches,  of 
mathematics,  of  mankind  in  its  past  and  present,  the  pursuit  of  art,  and 
the  cultivation  of  all  that  is  great  and  noble  in  the  world — these  are 
the  highest  occupation  of  mankind.  Commerce,  the  applications  of 
science,  the  accumulation  of  wealth,  are  necessities  which  are  a  curse 
to  those  with  high  ideals,  but  a  blessing  to  that  portion  of  the  world 
which  has  neither  the  ability  nor  the  taste  for  higher  pursuits. 

As  the  api)lications  of  science  multiply,  living  becomes  easier,  the 
wealth  necessaiy  for  the  purchase  of  apparatus  can  better  be  obtained, 
and  the  pursuit  of  other  things  besides  the  necessities  of  life  becomes 
po.«^ible. 


■284  A  Plea  for  Pure  Science.  [Jour.  Frank.  Inst., 

But  the  moral  qualities  must  also  be  cultivated  in  proportion  to  the 
wealth  of  the  country,  before  much  can  be  done  in  pure  science.  The 
successful  sculptor  or  painter  naturally  attains  to  wealth  through  the 
legitimate  work  of  his  profession.  The  novelist,  the  poet,  the  musician, 
all  have  wealth  before  them  as  the  end  of  a  successful  career.  But  the 
scientist  and  the  mathematician  have  no  such  incentive  to  work :  they 
must  earn  their  living  by  other  pursuits,  usually  teaching,  and  only 
devote  their  surplus  time  to  the  true  pursuit  of  their  science.  And  fre- 
quently, by  the  small  salary  which  they  receive,  by  the  lack  of  instrumental 
and  literary  facilities  by  the  mental  atmosphere  in  which  they  exist, 
and  most  of  all,  by  their  low  ideals  of  life,  they  are  led  to  devote  their 
surplus  time  to  applied  science  or  to  other  means  of  increasing  their 
fortune.  How  shall  we,  then,  honor  the  few,  the  very  few,  who,  in 
in  spite  of  all  difficulties,  have  kept  their  eyes  fixed  on  the  goal,  and 
bave  steadily  worked  for  pure  science,  giving  to  the  world  a  most 
precious  donation,  which  has  borne  fruit  in  our  greater  knowledge  of 
the  universe  and  in  the  applications  to  our  physical  life  which  have 
enriched  thousands  and  benefitted  each  one  of  us?  There  are  also 
those  who  have  every  facility  for  the  pursuit  of  science,  who  have  an 
ample  salary  and  every  appliance  for  works,  yet  who  devote  them- 
selves to  commercial  work,  to  testifying  in  courts  of  law,  and  to  any 
other  work  to  increase  their  present  large  income.  Such  men  would 
be  respectable  if  they  gave  up  the  name  of  professor,  and  took  that  of 
consulting  chemists  or  physicists.  And  such  men  are  needed  in  the 
community.  But  for  a  man  to  occupy  the  professor's  chair  in  a  promi- 
nent college,  and,  by  his  energy  and  ability  in  the  commercial  applica- 
tions of  his  science,  stand  before  the  local  community  in  a  prominent 
manner,  and  become  the  newspaper  exponent  of  his  science,  is  a  dis- 
grace both  to  him  and  his  college.  It  is  the  death-blow  to  science  in 
that  region.  Call  him  by  his  proper  name,  and  he  becomes  at  once  a 
useful  member  of  the  community.  Put  in  his  place  a  man  who  shall 
by  precept  and  example  cultivate  his  science,  and  how  different  is  the 
result !  Young  men,  looking  forward  into  the  world  for  something 
to  do,  see  before  them  this  high  and  noble  life,  and  they  see  that  there 
is  something  more  honorable  than  the  accumulation  of  wealth.  They 
are  thus  led  to  devote  their  lives  to  similar  pursuits,  and  they  honor 
the  professor  who  has  drawn  them  to  something  higher  than  they 
might  otherwise  have  aspired  to  reach. 

I  do  not  wish  to  be  misunderstood  in  this  matter.     It  is  no  disgrace 
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to  make  money  by  an  invention,  or  otherwise,  or  to  do  commercial 
scientific  work  under  some  circumstances.  But  let  pure  science  be  the 
aim  of  those  in  the  chairs  of  professors,  and  so  prominently  the  aim 
that  there  can  be  no  mistake.  If  our  aim  in  life  is  wealth,  let  us  hon- 
estly engage  in  commercial  pursuits,  and  compete  with  others  for  its 
possession.  But  if  we  choose  a  life  which  we  consider  higher,  let  u& 
live  up  to  it,  taking  wealth  or  poverty  as  it  may  chance  to  come  to  us,. 
but  letting  neither  turn  us  aside  from  our  pursuit. 

The  work  or  teaching  may  absorb  the  energies  of  many  ;  and,  indeed^ 
this  is  the  excuse  given  by  most  for  not  doing  any  scientific  work. 
But  there  is  an  old  saying,  that  where  there  is  a  will  there  is  a  way. 
Few  professors  do  as  much  teaching  or  lecturing  as  the  German  pro- 
fessors, who  are  also  noted  for  their  elaborate  papei-s  in  the  scientific 
journals.  I  myself  have  been  burdened  down  with  work,  and  know 
what  it  is ;  and  yet  I  here  assert  that  all  can  find  time  for  scientific 
research  if  they  desire  it.  But  here  again,  that  curse  of  our  country, 
mediocrity,  is  upon  us.  Our  colleges  and  universities  seldom  call  for 
first-class  men  of  reputation,  and  I  have  even  heard  the  trustee  of  a 
well-known  college  assert  that  no  professor  should  engage  in  research 
because  of  the  time  wasted !  I  was  glad  to  see,  soon  after,  by  the  call 
of  a  prominent  scientist  to  that  college,  that  the  majority  of  the  trustees 
did  not  agree  with  him. 

That  teaching  is  important,  goes  without  saying.  A  successful 
teacher  is  to  be  respected ;  but  if  he  does  not  lead  his  scholars  to  that 
which  is  the  highest,  is  he  not  blameworthy  ?  We  are,  then,  to  look 
to  the  colleges  and  universities  of  the  land  for  most  of  the  work  in 
pure  science  which  is  done.  I^et  us  therefore  examine  the.se  latter,  and 
see  what  the  prospect  is. 

One,  whom  perhaps  we  may  here  style  a  practical  follower  of 
Kuskin,  has  stated  that  while  in  this  country  he  was  variously  desig- 
nated by  the  title  of  captain,  colonel,  and  professor.  The  stor}-  may 
or  may  not  be  true,  but  we  all  know  enough  of  the  cu.stoms  of  our 
countrymen  not  to  dispute  it  on  general  principles.  All  men  arc  born 
equal :  some  men  are  captains,  colonels,  and  professors,  and  therefore 
all  men  are  such.  The  logic  is  conclusive;  and  the  .same  kind  of  logic 
seems  to  have  been  applied  to  our  .schools,  colleges,  and  univei*sities. 
I  have  before  me  the  report  of  the  commissioner  of  education  for  1880. 
According  to  that  report,  there  were  389,*  or  say,  in  round  numbers,. 

*  364  reported  on,  and  2.5  not  reported. 
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400  institutions,  calling  themselves  colleges  or  universities,  in  our 
country !  We  may  well  exclaim  that  ours  is  a  great  country,  having 
more  than  the  whole  world  beside.  The  fact  is  sufficient.  The  whole 
earth  would  hardly  support  such  a  number  of  first-class  institutions. 
The  curse  of  mediocrity  must  be  upon  them,  to  swarm  in  such  num- 
bers. They  must  be  a  cloud  of  mosquitoes,  instead  of  eagles  as  they 
profess.  And  this  becomes  evident  on  further  analysis.  About  one- 
third  aspire  to  the  name  of  university ;  and  I  note  one  called  by  that 
name  which  has  two  professors  and  18  students,  and  another  having 
three  teachers  and  12  students!  And  these  instances  are  not  unique, 
for  the  number  of  small  institutions  and  schools  which  call  themselves 
universities  is  very  great.  It  is  difficult  to  decide  from  the  statistics 
alone  the  exact  standing  of  these  institutions.  The  extremes  are  easy 
to  manage.  Who  can  doubt  that  an  institution  with  over  800  students, 
and  a  faculty  of  70,  is  of  a  higher  grade  than  those  above  cited  having 
10  or  20  students  and  two  or  three  in  the  faculty  ?  Yet  this  is  not 
always  true;  for  I  note  one  institution  with  over  500  students  which 
is  known  to  me  personally  as  of  the  grade  of  a  high  school.  The  sta- 
tistics are  more  or  less  defective,  and  it  would  much  weaken  the  force 
of  my  remarks  if  I  went  too  much  into  detail.  I  append  the  following 
tables,  however,  of  330  so-called  colleges  and  universities : 

218  had  from      0  to  100  students. 
88.    "       "       100  "  200        " 
12     "       "       200  "  300        " 
6     "       "       300  "  500        " 
6  over  500 

Of  322  so-called  colleges  and  universities : 

206  had    0  to  10    in  the  faculty. 
99    "     10  "  20        "  " 

17    "    20  or  over  "  " 

If  the  statistics  were  forthcoming — and  possibly  they  may  exist — 
we  might  also  get  an  idea  of  the  standing  of  these  institutions  and  their 
approach  to  the  true  university  idea,  by  the  average  age  of  the  scholars. 
Possibly  also  the  ratio  of  number  of  scholars  to  teachers  might  be  of  some 
help.  All  these  methods  give  an  approximation  to  the  present  standing 
of  the  institutions.  But  there  is  another  method  of  attacking  the  prob- 
lem, which  is  very  exact,  but  it  only  gives  us  the  possibilities  of  which 
the  institution  is  capable.     I  refer  to  the  wealth  of  the  institution.    In 
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estimating  the  wealth,  I  have  not  included  the  value  of  grounds  and 
buildings,  for  this  is  of  little  importance,  either  to  the  present  or  future 
standing  of  the  institution.  As  good  work  can  he  done  in  a  hovel  as 
in  a  palace.  I  have  taken  the  productive  funds  of  the  institution  as 
the  basis  of  estimate.     I  find  : 

234  have  below      $500,000. 
8    "      between  $500,000  and  $1,000,000. 
8     "      over      $1,000,000. 

There  is  no  fact  more  firmly  established,  all  over  the  world,  than 
that  the  higher  education  can  never  be  made  to  pay  for  itself.  Usually 
the  cost  to  a  college,  of  educating  a  young  man,  very  much  exceeds 
what  he  pays  for  it,  and  is  often  three  or  four  times  as  much.  The 
higher  the  education,  the  greater  this  proportion  will  be ;  and  a  uni- 
versity of  the  highest  class  should  anticipate  only  a  small  accession  to 
its  income  from  the  fees  of  students.  Hence  the  test  I  have  applied 
must  give  a  true  representation  of  the  possibilities  in  every  case.  Ac- 
cording to  the  figures,  only  16  colleges  and  universities  have  $500,000 
or  over  of  invested  funds,  and  only  one-half  of  these  have  $1,000,000 
and  over.  Now,  even  the  latter  sum  is  a  very  small  endowment  for  a 
college ;  and  to  call  any  institution  a  university  which  has  less  than 
$1,000,000,  is  to  render  it  absurd  in  the  face  of  the  world.  And  yet 
more  than  100  of  our  institutions,  many  of  them  very  respectable  col- 
leges, have  abused  the  word  "  university  "  in  this  manner.  It  is  to  be 
hoped  that  the  endowment  of  the  more  respectable  of  these  institutions 
may  be  increased,  as  many  of  them  deserve  it;  and  their  unfortunate 
appellation  has  probably  been  repented  of  long  since. 

But  what  shall  we  think  of  a  community  that  gives 'the  charter  of  a 
university  to  an  institution  with  a  total  of  $20,000  endowment,  two 
so-called  professors,  and  18  students?  or  another  with  three  professors, 
12  students,  and  a  total  of  $27,000  endowment,  mostly  invested  in 
buildings!  And  yet  there  are  very  many  similar  institutions;  there 
being  16  with  three  professors  or  less,  and  very  many  indeed  with  only 
four  or  five. 

Such  facts  as  these  could  only  exist  in  a  democratic  country,  where 
pride  is  taken  in  reducing  everything  to  a  level.  And  I  may  also  say 
that  it  can  only  exist  in  the  early  days  of  such  a  democracy ;  for  an 
intelligent  public  will  soon  perceive  that  calling  a  thing  by  a  wrong 
name  does  not  change  its  character,  and  that  truth,  above  all  things, 
should  be  taught  to  the  youth  of  the  nation. 
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It  may  be  urged,  that  all  these  institutions  are  doing  good  work  iu 
education ;  and  that  many  young  men  are  thus  taught,  who  could  not 
afford  to  go  to  a  true  college  or  university.  But  I  do  not  object  to  the 
education, — though  I  have  no  doubt  an  investigation  would  disclose 
equal  absurdities  here, — for  it  is  aside  from  my  object.  But  I  do  object 
to  lowering  the  ideals  of  the  youth  of  the  country.  Let  them  know  that 
they  are  attending  a  school,  and  not  a  university ;  and  let  them  know 
that  above  them  comes  the  college,  and  above  that  the  university.  Let 
them  be  taught  that  they  are  only  half  educated,  and  that  there  are 
persons  in  the  world  by  whose  side  they  are  but  atoms.  In  other 
words,  let  them  be  taught  the  truth. 

It  may  be  that  some  small  institutions  are  of  high  grade,  especially 
those  which  are  new ;  but  who  can  doubt  that  more  than  two-thirds  of 
our  institutions  calling  themselves  colleges  and  universities  are  unworthy 
of  the  name  ?  Each  one  of  these  institutions  has  so-called  professors, 
but  it  is  evident  that  they  can  be  only  of  the  grade  of  teachers.  Why 
should  they  not  be  so  called  ?  The  position  of  teacher  is  an  honored 
one,  but  is  not  made  more  honorable  by  the  assumption  of  a  false  title. 
Furthermore,  the  multiplication  of  the  title,  and  the  ease  with  which 
it  can  be  obtatned,  render  it  scarcely  worth  striving  for.  When  the 
man  of  energy,  ability,  and  perhaps  genius  is  rewarded  by  the  same 
title  and  emoluments  as  the  commonplace  man  with  the  modicum  of 
knowledge,  who  takes  to  teaching,  not  because  of  any  aptitude  for  his 
work,  but  possibly  because  he  has  not  the  energy  to  compete  with  his 
fellow-men  in  business,  then  I  say  one  of  the  inducements  for  first- 
class  men  to  become  professors  is  gone. 

When  work  and  ability  are  required  for  the  position,  and  when  the 
professor  is  expected  to  keep  up  with  the  progress  of  his  subject,  and 
to  do  all  in  his  power  to  advance  it,  and  when  he  is  selected  for  these 
reasons,  then  the  position  will  be  worth  working  for,  and  the  success- 
ful competitor  will  be  honored  accordingly.  The  chivalric  spirit  which 
prompted  Faraday  to  devote  his  life  to  the  study  of  nature  may  actuate 
a  few  noble  men  to  give  their  life  to  scientific  work ;  but,  if  we  wish 
to  cultivate  this  highest  class  of  men  in  science,  we  must  open  a  career 
for  them  worthy  of  their  efforts, 

Jenny  Lind,  with  her  beautiful  voice,  would  have  cultivated  it  to 
some  extent  in  her  native  village ;  yet  who  would  expect  her  to  travel 
over  the  world,  and  give  concerts  for  nothing?  and  how  would  she 
have  been  able  to  do  if  she  had  wished  ?     And  so  the  scientific  man^ 
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whatever  his  natural  talents,  must  have  instruments  and  a  library,  and 
a  suitable  and  respectable  salary  to  live  upon,  before  he  is  able  to  exert 
himself  to  his  full  capacity.  This  is  true  of  advance  in  all  the  higher 
departments  of  human  learning,  and  yet  something  more  is  necessary. 
It  is  not  those  in  this  country  who  receive  the  largest  salary,  and  have 
positions  in  the  richest  colleges,  who  have  advanced  their  subject  the 
most :  men  receiving  the  highest  salaries,  and  occupying  the  professor's 
chair,  are  to-day  doing  absolutely  nothing  in  pure  science,  but  are 
striving  by  the  commercial  a})plications  of  their  science  to  increase  their 
already  large  salary.  Such  pursuits,  as  I  have  said  before,  are  honor- 
able in  their  proper  place ;  but  the  duty  of  a  professor  is  to  advance 
his  science,  and  to  set  an  example  of  pure  and  true  devotion  to  it  which 
shall  demonstrate  to  his  students  and  the  world  that  there  is  something 
high  and  noble  worth  living  for.  Money-changers  are  often  respect- 
able men,  and  yet  they  were  once  severely  rebukal  for  carrying  on 
their  trade  in  the  court  of  the  temple. 

Wealth  does  not  constitute  a  university,  buildings  do  not :  it  is  the 
men  who  constitute  its  faculty,  and  the  students  who  learn  from  them. 
It  is  the  last  and  highest  step  which  the  mere  student  takes.  He  goes  forth 
into  the  world,  and  the  height  to  which  he  rises  has  been  influenced  by 
the  ideals  which  he  has  consciously  or  unconsciously  imbibed  in  his 
university.  If  the  professors  under  %vhom  he  has  studied  have  been 
high  in  their  profession,  and  have  themselves  had  high  ideals;  if  they 
have  considered  the  advance  of  their  particular  subject  their  highest 
work  in  life,  and  are  tiiemselves  honored  for  their  intellect  tiiroughout 
the  world, — the  student  is  drawn  toward  that  which  is  highest,  ahd 
ever  after  in  life  has  high  ideals.  But  if  the  student  is  taught  by  what 
are  sometimes  called  good  teachers,  and  teaciiers  only,  who  know  little 
more  than  the  student,  and  who  are  often  sur])assed  and  even  despised 
by  him,  no  one  can  doubt  the  lowered  tone  of  his  mind.  He  finds 
that  by  his  feeble  eflbrts  he  can  surpa.ss  one  to  whom  a  univei-sit}-^  has 
given  its  highest  honor;  and  he  begins  to  think  that  he  himself  is  a 
born  genius,  and  the  incentive  to  work  is  gone.  He  is  great  by  the 
side  of  the  moleiiill,  and  docs  not  know  any  mountain  to  compare  him- 
self with. 

A  university  should  not  only  have  great  mon  in  its  faculty,  but  have 
nuM)erous  minor  professors  and  assistants  of  all  kinds,  and  should 
encourage  the  highest  work,  if  for  no  other  reason  than  to  encourage 
the  student  to  his  highest  efforts. 
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But,  assuming  that  the  professor  has  high  ideals,  wealth  such  as  only 
a  large  and  high  university  can  command  is  necessary  to  allow  him  the 
fullest  development. 

And  this  is  specially  so  in  our  science  of  physics.     In  the  early  days 
of  physics  and  chemistry,  many  of  the  fundamental  experiments  could 
be  performed  with  the  simplest  apparatus.     And  so  we  often  find  the 
names  of  Wollaston  and  Faraday  mentioned  as  needing  scarcely  any- 
thing for  their  researches.     Much   can   even  now  be  done  with   the 
simplest  apparatus ;  and  nobody,  except  the  utterly  incompetent,  need 
stop  for  want  of  it.     But  the  fact  remains,  that  one  can  only  be  free  to 
investigate  in  all  departments  of  chemistry  and  physics,  when  he  not 
only  has  a  complete  laboratory  at  his  command,  but  a  friend  to  draw 
on  for  the  expenses  of  each  experiment.     That  simplest  of  the  depart- 
ments of  physics,  namely,  astronomy,  has  now  reached  such  perfection 
that  nobody  can  expect  to  do  much  more  in   it  without  a  perfectly 
equipped  observ^atory ;    and   even  this  would   be   useless  without  an 
income  sufficient  to  employ  a  corps  of  assistants  to  make  the  observa- 
tions and  computations.     But  even  in  this  simplest  of  physical  sub- 
jects, there  is  great  misunderstanding.     Our  country  has  very  many 
excellent  observatories :  and  yet  little  work   is  done  in   comparison, 
because  no  provision  has  been  made  for  maintaining  the  work  of  the 
observatory ;  and  the  wealth  which,  if  concentrated,  might  have  made 
one  effective  observatory  which  would  prove  a  benefit  to  astronomical 
science,  when   scattered    among  a  half-dozen,  merely  furnishes  tele- 
scopes for  the  people  in  the  surrounding  region  to  view  the  moon  with. 
And  here  I  strike  the  keynote  of  at  least  one  need  of  our  country,  if 
she  would  stand  well  in  science ;  and  the  following  item  which  I  clip 
from  a  newspaper  will  illustrate  the  matter: 

"  The  eccentric  old  Canadian,  Aruuah  Huntington,  who  left  $200,- 
000  to  be  divided  among  the  public  schools  of  Vermont,  has  done 
something  which  will  be  of  little  practical  value  to  the  schools.  Each 
district  will  be  entitled  to  the  insignificant  sum  of  |10,  which  will  not 
advance  much  the  cause  of  education." 

Nobody  will  dispute  the  folly  of  such  a  bequest,  or  the  folly  of  fill- 
ing the  country  with  telescopes  to  look  at  the  moon,  and  calling  them 
observatories.  How  much  better  to  concentrate  the  wealth  into  a  few 
parcels,  and  make  firsi-class  observatories  and  institutions  with  it! 

Is  it  possible  that  any  of  our  four  hundred  colleges  and  universities 
have  love  enough  of  learning  to  unite  with  each  other  and  form  larger 
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institutions?  Is  it  possible  that  any  have  sucli  a  love  of  truth  that 
they  are  willing  to  be  called  by  their  right  name  ?  I  fear  not ;  for  the 
spirit  of  expectation,  which  is  analogous  to  the  spirit  of  gambling,  is 
strong  in  the  Americ;\n  breast,  and  each  institution  Avliich  now,  except 
in  name,  slumbers  in  obscurity,  expects  in  time  to  bloom  out  into  full 
prosperity.  Although  many  of  them  are  under  religious  influence, 
where  truth  is  inculcated,  and  where  men  are  taught  to  take  a  low  seat 
at  the  table  in  order  that  they  may  be  honored  by  being  called  up 
higher,  and  not  dishonored  by  being  thrust  down  lower,  yet  these 
institutions  have  thrust  themselves  into  the  highest  seats,  and  cannot 
probably  be  dislodged. 

But  would  it  not  be  possible  to  so  change  public  opinion  that  no  col- 
lege could  be  founded  Avith  a  less  endowment  than  say  §1,000,000,  or 
no  university  with  less  than  three  or  four  times  that  amount?  From 
the  report  of  the  Commissioner  of  Education,  I  learn  that  such  a  change 
is  taking  place  ;  that  the  tendency  towards  large  institutions  is  increas- 
ing, and  that  it  is  j)rincipally  in  the  west  and  southwest  that  the  mul- 
tiplication of  small  institutions  with  big  names  is  to  be  feared  most, 
and  that  the  east  is  almost  ready  for  the  great  coming  university. 

The  total  wealth  of  the  four  hundretl  colleges  and  universities  in 
1880  was  about  $40,000,000  in  buildings,  and  $43,000,000  in  produc- 
tive funds.  This  would  be  sufficient  for  one  great  university  of  $10,- 
000,000,  four  of  §5,000,000,  and  twenty-six  colleges  of  $2,000,000 
each.  But  such  an  idea  can  of  course  never  be  carried  out.  Govern- 
ment appropriations  are  out  of  the  question,  because  no  political  trickery 
must  be  allowed  around  the  ideal  institution. 

In  the  year  1880  the  private  bequests  to  all  schools  and  colleges 
amounted  to  about  $5,500,000 ;  and,  although  there  w;us  one  bequest 
of  $1,250,000,  yet  the  amount  does  not  appear  to  be  phenomenal.  It 
would  thus  seem  that  the  total  amount  was  about  five  million  dollars 
in  one  year,  of  which  more  than  half  is  given  to  so-called  colleges  and 
universities.  It  would  be  very  difficult  to  regulate  these  beque'^ts  so 
that  they  might  be  concentrated  sufficiently  to  produce  an  innuediate 
result.  But  the  figures  show  that  generosity  is  a  prominent  feature  of 
the  American  people,  and  that  the  needs  of  the  countiy  only  have  to  be 
appreciated  to  have  the  funds  forthcoming.  We  must  make  the  need 
of  research  and  of  pure  science  felt  in  the  country.  We  must  live  such 
lives  of  pure  devotion  to  our  science,  that  all  shall  see  that  we  ask  for 
money,  not  that  we  may  live  in  indolent  ease  at  the  expense  of  charity, 
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but  that  we  may  work  for  that  which  has  advanced  and  will  advance 
the  world  more  than  any  other  subject,  both  intellectually  and  physi- 
cally. We  must  live  such  lives  as  to  neutralize  the  influence  of  those 
who  in  high  places  have  degraded  their  profession,  or  have  given  them- 
selves over  to  ease,  and  do  nothing  for  the  science  which  they  repre- 
sent. Let  us  do  what  we  can  with  the  present  means  at  our  disposal. 
There  is  not  one  of  us  who  is  situated  in  the  position  best  adapted  to 
bring  out  all  his  ])owers,  and  to  allow  him  to  do  most  for  his  science. 
All  have  their  difficulties,  and  I  do  not  think  that  circumstances  will 
ever  radically  change  a  man.  If  a  man  has  the  instinct  of  research  in 
him,  it  will  always  show  itself  in  some  form.  But  circumstances  may 
direct  it  into  new  paths,  or  may  foster  it  so  that  what  would  otherwise 
have  died  as  a  bud  now  blossoms  and  ripens  into  the  perfect  fruit. 

Americans  have  shown  no  lack  of  invention  in  small  things ;  and 
the  same  spirit,  when  united  to  knowledge  and  love  of  science,  becomes 
the  spirit  of  research.  The  telegraph  operator,  with  his  limited  knowl- 
edge of  electricity  and  its  laws,  naturally  turns  his  attention  to  the 
improvement  of  the  only  electrical  instrument  he  knows  anything 
about ;  and  his  researches  would  be  confined  to  the  limited  sphere  of 
his  knowdedge,  and  to  the  simple  laws  with  which  he  is  acquainted. 
But  as  his  knowledge  increases,  and  the  field  broadens  before  him,  as 
he  studies  the  mathematical  theory  of  the  subject,  and  the  electro-mag- 
netic theory  of  light  loses  the  dim  haze  due  to  distance,  and  becomes 
his  constant  companion,  the  telegraph  instrument  becomes  to  him  a 
toy,  and  his  effort  to  discover  something  new  becomes  research  in  pure 
science. 

It  is  useless  to  attempt  to  advance  science  until  one  has  mastered  the 
science  ;  he  must  step  to  the  front  before  his  blows  can  tell  in  the  strife. 
Furthermore,  I  do  not  believe  anybody  can  be  thorough  in  any  depart- 
ment of  science,  without  wishing  to  advance  it.  In  the  study  of  what 
is  known,  in  the  reading  of  the  scientific  journals,  and  the  discussions 
therein  contained  of  the  current  scientific  questions,  one  would  obtain 
an  impulse  to  work,  even  though  it  did  not  before  exist.  And  the 
same  spirit  which  prompted  him  to  seek  what  was  already  known, 
would  make  him  wish  to  know  the  unknown.  And  I  may  say  that  I 
never  met  a  case  of  thorough  knowledge  in  my  own  science,  except 
jn  the  case  of  well-known  investigators.  I  have  met  men  who  talked 
well,  and  I  have  sometimes  asked  myself  why  they  did  not  do  some- 
thing; but  further  knowledge  of  their  character  has   shown   me  the 
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superficialty  of  their  knowledge.  I  am  no  longer  a  believer  in  men 
who  could  do  something  if  they  would,  or  would  do  something  if  they 
had  a  chance.  They  are  iniposters.  If  the  true  spirit  is  there,  it  will 
show  itself  in  spite  of  circumstances. 

As  I  remarked  before,  the  investigator  in  pure  science  is  usually  a 
professor.  He  must  teach  as  well  as  investigate.  It  is  a  question 
which  has  been  discussed  in  late  years,  as  to  whether  these  two  func- 
tions would  better  be  combined  in  the  .same  individual,  or  separated. 
It  seems  to  be  the  opinion  of  most,  that  a  certain  amount  of  teaching 
is  conducive,  rather  than  otherwise,  to  the  spirit  of  research.  I  myself 
think  that  this  is  true,  and  I  should  myself  not  like  to  give  up  my 
daily  lecture.  But  one  must  not  be  overburdened.  I  suppose  that  the 
true  solution,  in  many  cases,  would  be  found  in  the  multiplication  of 
assistants,  not  only  for  the  work  of  teaching,  but  of  research.  Some 
men  are  gifted  with  more  ideas  than  they  can  work  out  with  their  own 
hands,  and  the  world  is  losing  much  by  not  supplying  them  with  extra 
hands.  Life  is  short;  old  age  comes  quickly,  and  the  amount  one  pair 
of  hands  can  do  is  very  limited.  What  sort  of  shop  would  that  be,  or 
what  sort  of  factory,  where  one  man  had  to  do  all  the  work  with  his 
OM'n  hands  ?  It  is  a  fact  in  nature,  which  no  democracy  can  change, 
than  men  are  not  equal — that  some  have  brains,  and  some  hands.  And 
no  idle  talk  about  equality  can  ever  subvert  the  order  of  the  univer.se. 

I  know  of  'no  institution  in  this  country  where  assistants  are  sup- 
plied to  aid  directly  in  research.  Yet  why  should  it  not  be  so  ?  And 
even  the  absence  of  assistant  ])rofes.sors  and  assistants  of  all  kinds,  to 
aid  in  teaching,  is  very  noticeable,  and  must  be  remedied  before  we  can 
expect  mucli. 

There  are  many  physical  problems,  especially  those  requiring  exact 
measurements,  which  cannot  be  carried  out  by  one  man,  and  can  only 
be  successfully  attacked  by  the  most  elaborate  apparatus,  and  with  a 
full  corps  of  assistants.  Such  are  Regnault's  experiments  on  the 
fundamental  laws  of  gases  and  vapors,  made  thirty  or  forty  years  ago 
by  aid  from  the  French  government,  and  which  are  the  standards  to 
this  dav.  Although  these  experiments  were  made  with  a  view  to  the 
practical  calculation  of  the  steam-engine,  yet  they  were  carried  out  in 
such  a  broad  spirit  that  they  have  been  of  the  greatest  theoretical  use. 
Again,  what  would  astronomy  have  done  without  the  endowments  of 
observatories?  By  their  means,  that  .science  has  become  the  most  per- 
fect of  all  branches  of  physics,  as  it  should  be  from  its  simplicity. 
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There  is  no  doubt,  in  my  mind,  that  similar  institutions  for  other 
branches  of  physics,  or,  better,  to  include  the  whole  of  physics,  would 
be  equally  successful.  A  large  and  perfectly  equipped  physical  lab- 
oratory with  its  large  revenues,  its  corps  of  professors  and  assistants, 
and  its  machine-shop  for  the  construction  of  new  apparatus,  would  be 
able  to  advance  our  science  quite  as  much  as  endowed  observatories 
have  astronomy.  But  such  a  laboratory  should  not  be  founded  rashly. 
The  value  will  depend  entirely  on  the  physicist  at  its  head,  who  has  to 
devise  the  plan,  and  to  start  it  into  practical  working.  Such  a  man 
will  always  be  rare,  and  cannot  always  be  obtained.  After  one  had 
been  successfully  started,  others  could  follow ;  for  imitation  requires 
little  brains. 

One  could  not  be  certain  of  getting  the  proper  man  every  time,  but 
the  means  of  appointment  should  be  most  carefully  studied  so  as  to 
secure  a  good  average.  There  can  be  no  doubt  that  the  appointment 
should  rest  with  a  scientific  body  capable  of  judging  the  highest  work 
of  each  candidate. 

Should  any  popular  element  enter,  the  person  chosen  would  be  either 
of  the  literary-scientific  order,  or  the  dabbler  on  the  outskirts  who 
presents  his  small  discoveries  in  the  most  theatrical  manner.  What  is 
required  is  a  man  of  depth,  who  has  such  an  insight  into  physical 
science  that  he  can  tell  when  blows  will  best  tell  for  its  advancement. 

Such  a  grand  laboratory  as  I  describe  does  not  exist  in  the  world,  at 
present,  for  the  study  of  physics.  But  no  trouble  has  ever  been  found 
in  obtaining  means  to  endow  astronomical  science.  Everybody  can 
appreciate,  to  some  extent,  the  value  of  an  observatory ;  as  astronomy 
is  the  simplest  of  scientific  subjects,  and  has  very  quickly  reached  a 
position  where  elaborate  instruments  and  costly  computations  are 
necessary  to  further  advance.  The  whole  domain  of  physics  is  so  wide 
that  workers  have  hitherto  found  enough  to  do.  But  it  cannot  always 
be  so,  and  the  time  has  even  now  arrived  when  such  a  grand  labora- 
tory should  be  founded.  Shall  our  country  take  the  lead  in  this 
matter,  or  shall  we  wait  for  foreign  countries  to  go  before?  They  will 
be  built  in  the  future,  but  when  and  how  is  the  question. 

Several  institutions  are  now  putting  up  laboratories  for  physics. 
They  are  mostly  for  teaching,  and  we  can  expect  only  a  comparatively 
small  amount  of  work  from  most  of  them.  But  they  show  progress; 
and,  if  the  progress  be  as  quick  in  this  direction  as  in  others,  we  should 
be  able  to  see  a  great  change  before  the  end  of  our  lives. 
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As  stated  before,  men  are  influenced  by  the  sympathy  of  those  with 
whom  they  come  in  contact.  It  is  impossible  to  immediately  change 
public  opinion  in  our  fav'or;  and,  indeed,  we  must  [always  seek  to  lead 
it,  and  not  be  guided  by  it.  For  pure  science  is  the  pioneer  who  must 
not  hover  about  cities  and  civilized  countries,  but  must  strike  into  un- 
known forests,  and  climb  the  hitherto  inaccessible  mountains  which  lead 
to  and  command  a  view  of  the  promised  land, — the  land  which  science 
promises  us  in  the  future;  which  shall  not  only  flow  with  milk  and 
honey,  but  shall  give  us  a  better  and  more  glorious  idea  of  this  won- 
derful universe.  We  must  create  a  public  opinion  in  our  favor,  but  it 
need  not  at  first  be  the  general  public.  We  must  be  contented  to  stand 
aside,  and  see  the  honors  of  the  world  for  a  time  given  to  our  inferiors; 
and  must  be  better  contented  with  the  approval  of  our  own  consciences, 
and  of  the  very  few  who  are  capable  of  judging  our  work,  than  of  the 
whole  world  beside.  Let  us  look  to  the  other  physicists,  not  in  our 
own  town,  not  in  our  own  country,  but  in  the  whole  world,  for  the 
words  of  praise  which  are  to  encourage  us,  or  the  words  of  blame  which 
are  to  stimulate  us  to  renewed  effort.  For  what  to  us  is  the  praise  of 
the  ignorant?  Let  us  join  together  in  the  bonds  of  our  .'scientific 
societies,  and  encourage  each  other,  as  Ave  are  now  doing,  in  the  pui"suit 
of  our  favorite  study ;  knowing  that  the  world  will  some  time  recog- 
nize our  services,  and  knowing,  also,  that  we  constitute  the  most  im- 
poitant  element  in  human  progress. 

liut  danger  is  also  near,  even  in  our  .societies.  When  the  average 
tune  of  the  societies  is  low,  when  the  highest  honor  are  given  to  the 
mediocre,  when  third-cla.ss  men  are  held  up  as  examples,  and  when 
trifling  inventions  are  magnified  into  scientific  discoveries,  then  the 
influence  of  such  .societies  is  prejudicial.  A  young  scientist  attending 
the  meetings  of  such  a  society  soon  gets  perverted  ideas.  To  his  mind, 
a  molehill  is  a  mountain,  and  the  mountain  a  molehill.  The  small 
inventor  or  the  local  celebrity  ri-ses  to  a  greater  height,  in  his  mind, 
than  the  great  leader  of  .science  in  .some  foreign  land.  He  gauges  him- 
self by  the  molehill, an<l  is  .satisfied  with  his  stature;  not  knowing  that 
he  is  but  an  atom  in  comparison  with  the  mountain,  until,  perhaps,  in 
old  age,  when  it  is  too  late.  But,  if  the  size  of  the  mountain  had  been 
seen  at  first,  the  young  scientist  would  at  least  have  been  stinmiatetl  in 
his  endeavor  to  grow. 

We  cannot  all  be  men  of  genius;  but  we  can,  at  lea.st,  point  them 
out  to  those  around  us.      Wo  mav  not  be  able  to  benefit  science  much 
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ourselv^es;  but  we  can  have  high  ideals  on  the  subject,  and  instil  them 
into  those  with  whom  we  come  in  contact.  For  the  good  of  ourselvesr 
for  the  good  of  our  country,  for  the  good  to  the  world,  it  is  incumbent 
on  us  to  form  a  true  estimate  of  the  w^orth  and  standing  of  persons 
and  things,  and  to  set  before  our  own  minds  all  that  is  great  and  good 
and  noble,  all  that  is  most  important  for  scientific  advance,  above  the 
mean  and  low  and  unimportant. 

It  is  very  often  said,  that  a  man  has  a  right  to  his  opinion.  This 
might  be  true  for  a  man  on  a  desert  island,  whose  error  would  influ- 
ence only  himself.  But  when  he  opens  his  lips  to  instruct  others,  or 
even  when  he  signifies  his  opinions  by  his  daily  life,  then  he  is  directly 
responsible  for  all  his  errors  of  judgment  or  fact.  He  has  no  right  to 
think  a  molehill  as  big  as  a  mountain,  nor  to  teach  it,  any  more  than 
he  has  to  think  the  world  flat,  and  teach  that  it  is  so.  The  facts  and 
laws  of  our  science  have  not  equal  importance,  neither  have  the  men 
who  cultivate  the  science  achieved  equal  results.  One  thing  is  greater 
than  another,  and  we  have  no  right  to  neglect  the  order.  Thus  shall 
our  minds  be  guided  aright,  and  our  efforts  be  toward  that  which  is 
the  highest. 

Then  shall  we  see  that  no  physicist  of  the  first  class  has  ever  existed 
in  this  country,  that  we  must  look  to  other  countries  for  our  leaders  in 
that  subject,  and  that  the  few  excellent  workei-s  in  our  country  must 
receive  many  accessions  from  without  before  they  can  constitute  an 
American  science,  or  do  their  share  in  the  world's  work. 

But  let  me  return  to  the  subject  of  scientific  societies.  Here  Ameri- 
can science  has  its  hardest  problem  to  contend  with.  There  are  very 
many  local  societies  dignified  by  high-sounding  names,  each  having  its 
local  celebrity,  to  whom  the  privilege  of  describing  some  crab  with  an 
extra  claw,  which  he  found  in  his  morning  ramble,  is  inestimable. 
And  there  are  some  academies  of  science,  situated  at  our  seats  of  learn- 
ing, which  are  doing  good  work  in  their  locality.  But  distances  are 
so  great  that  it  is  difficult  to  collect  men  together  at  any  one  point. 
The  American  association,  which  we  are  now  attending,  is  not  a  scien- 
tific academy,  and  does  not  profess  to  be  more  than  a  gathering  of  all 
who  are  interested  in  science,  to  read  papers  and  enjoy  social  intercourse. 
The  National  academy  of  sciences  contains  eminent  men  from  the  whole 
country,  but  then  it  is  only  for  the  purpose  of  advising  the  government 
freely  on  .scientific  matters.  It  has  no  building,  it  has  no  library  ;  and 
it  publishes  nothing  except  the  information  which  it  freely  gives  to  the 
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government,  which  does  nothing  for  it  in  return.  It  has  not  had  much 
effect  directly  on  American  science ;  but  the  liberality  of  the  govern- 
ment in  the  way  of  scientific  expeditions,  publications,  etc.,  is  at  least 
partly  due  to  its  influence,  and  in  this  way  it  has  done  much  good. 
But  it  in  no  way  takes  the  place  of  the  great  Royal  society,  or  the  great 
academies  of  science  at  Paris,  Berlin,  Vienna,  St.  Petersburg,  Munich, 
and,  indeed,  all  the  European  capitals  and  large  cities.  These,  by 
their  publications,  give  to  the  young  student,  as  well  as  the  more  ad- 
vanced physicist,  models  of  all  that  is  considered  excellent ;  and  to 
become  a  member  is  one  of  the  highest  honors  to  which  he  can  a.spire, 
while  to  write  a  memoir  which  the  academy  considers  worthy  to  be 
published  in  its  transactions  excites  each  one  to  his  highest  effort. 

The  American  academy  of  sciences  in  Boston  is  perhaps  our  nearest 
representation  of  this  class  of  academies,  but  its  limitation  of  member- 
ship to  the  Stiite  deprives  it  of  its  national  character. 

But  there  is  another  matter  which  influences  the  growth  of  our  sci- 
ence. 

As  it  is  necessary  for  us  still  to  look  abroad  for  our  highest  inspira- 
tion in  pure  science,  and  as  science  is  not  an  affair  of  one  town  or  one 
country,  but  of  the  whole  world,  it  becomes  us  all  to  read  the  current 
journals  of  science  and  the  great  transactions  of  foreign  societies,  as 
well  as  those  of  our  own  countries.  These  great  transactions  and  jour- 
nals should  be  in  the  lil)rary  of  every  institution  of  learning  in  the 
country,  where  science  is  taught.  How  can  teachers  and  professors 
be  expected  to  know  what  has  been  discovered  in  the  past,  or  is  being 
discovered  now,  if  these  are  not  provided  ?  Has  any  institution  a  right 
to  mentally  starve  the  teachers  whom  it  employs,  or  the  students  who 
come  to  it?  There  can  be  but  one  answer  to  this  ;  and  an  institution 
calling  itself  a  university,  and  not  having  the  current  scientific  journals 
upon  its  table  or  the  transactions  of  societies  upon  its  library-shelves, 
is  certiiinly  not  doing  its  best  to  cultivate  all  that  is  best  in  this  world. 

We  call  this  a  free  country,  and  yet  it  is  the  only  one  where  there 
is  a  direct  tax  upon  the  pursuit  of  .<cience.  The  low  state  of  pure 
science  in  our  country  may  possibly  be  attributed  to  the  youth  of  the 
country;  but  direct  tax,  to  ])revent  the  growth  of  our  country  in  that 
subject,  cannot  hn  looked  uj)()U  as  other  than  a  deep  disgrace.  I  refer  to 
the  dutv  upon  foreign  books  and  periodicals.  In  our  science,  no  books 
above  elementary  ones  have  ever  been  published,  or  an;  likely  to  be 
published,  in  this  coinitry  ;  and  yet  every  teacher  in  physic,><  must  have 
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them,  not  only  in  the  college  library,  bnt  on  his  own  shelves,  and  ranst 
pay  the  government  of  this  country  to  allow  him  to  use  a  portion  of 
his  small  salary  to  buy  that  which  is  to  do  good  to  the  whole  country. 
All  freedom  of  intercourse  which  is  necessaiy  to  foster  our  growing 
science  is  thus  broken  off;  and  that  which  might,  in  time,  relieve  our 
country  of  its  mediocrity,  is  nipped  in  the  bud  by  our  government, 
which  is  most  liberal  when  appealed  to  directly  on  scientific  subjects. 

One  would  think  that  books  in  foreign  languages  might  be  admitted 
free ;  but  to  please  the  half-dozen  or  so  workmen  who  reprint  German 
books,  not  scientific,  our  free  intercourse  with  that  country  is  cut  off. 
Our  scientific  associations  and  societies  must  make  themselves  heard  in 
this  matter,  and  show  those  in  authority  how  the  matter  stands. 

In  conclusion,  let  me  say  once  more,  that  I  do  not  believe  that  our 
country  is  to  remain  long  in  its  present  position.  The  science  of 
physics,  in  whose  applications  our  country  glories,  is  to  arise  among  us, 
and  make  us  respected  by  the  nations  of  the  world.  Such  a  prophecy 
may  seem  rash  with  regard  to  a  nation  which  does  not  yet  do  enough 
physical  work  to  support  a  physical  journal.  But  we  know  the  speed 
with  which  we  advance  in  this  country;  we  see  cities  springing  up  in 
a  night,  and  other  wonders  performed  at  an  unprecedented  rate.  And 
now  we  see  physical  laboratories  being  built,  we  see  a  great  demand  for 
thoroughly  trained  physicists,  who  have  not  shirked  their  mathematics^ 
both  as  professors  and  in  so-called  practical  life;  and  perhaps  we  have 
the  feeling,  common  to  all  true  Americans,  that  our  country  is  going 
forward  to  a  glorious  future,  when  we  shall  lead  the  world  in  the  strife 
for  intellectual  prizes  as  we  now  do  in  the  strife  for  wealth. 

But  if  this  is  to  be  so,  we  must  now  aim  low.  The  prol)lems  of  the 
universe  cannot  be  solved  without  labor;  they  cannot  be  attacked 
without  the  proper  intellectual  as  well  as  physical  tools ;  and  no  physi- 
cist need  expect  to  go  far  witiiout  his  mathematics.  No  one  expects  a 
horse  to  win  in  a  great  and  long  race  who  has  not  been  properly 
trained  ;  and  it  would  be  folly  to  attempt  to  win  with  one,  however 
pure  his  blood  and  high  his  pedigree,  without  it.  The  problems  we 
solve  are  more  difficult  than  any  race :  the  highest  intellect  cannot 
hope  to  succeed  without  proper  prepai-ation.  The  great  prizes  are 
reserved  for  the  greatest  efforts  of  the  greatest  intellects,  who  have  kept 
their  mental  eye  bright  and  flesh  hard  by  constant  exercise.  Appa- 
ratus can  be  bought  with  money,  talents  may  come  to  us  at  birth  ;  but 
our  mental  tools,  our  mathematics,  our  experimental  ability,  our  knowl- 
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edge  of  what  other.s  liave  done  before  us,  all  have  to  be  obtained  by- 
work.  The  time  is  almost  past,  even  in  our  own  country,  when  third- 
rate  men  can  find  a  place  as  teachers,  because  they  are  unfit  for  every- 
thing else.  We  wish  to  see  brains  and  learning,  cnmbined  with  energy 
and  immense  working-power,  in  the  professor's  chair ;  but,  above  all,  we 
wish  to  see  that  high  and  chivalrous  spirit  which  causes  one  to  pursue 
his  idea  in  spite  of  all  difficulties,  to  work  at  the  problems  of  nature 
with  the  approval  of  his  own  conscience,  and  not  of  men  before  him. 
Let  him  fit  himself  for  the  struggle  with  all  the  weapons  which  mathe- 
matics and  the  experience  of  those  gone  before  him  can  furnish,  and 
let  him  enter  the  arena  with  the  fixed  and  stern  purpose  to  conquer. 
Let  him  not  be  contented  to  stand  back  with  the  crowd  of  mediocrity, 
but  let  him  press  forward  for  a  front  place  in  the  strife. 

The  whole  univei'se  is  before  us  to  study.  The  greatest  labor  of  the 
greatest  minds  has  only  given  us  a  few  pearls ;  and  yet  the  limitless 
ocean,  with  its  hidden  depths  filled  with  diamonds  and  precious  stones, 
is  before  us.  The  problem  of  the  universe  is  yet  unsolval,  and  the 
mystery  involved  in  one  single  atom  yet  eludes  us.  The  field  of 
research  only  opens  wider  and  wider  as  we  advance,  and  our  minds  are 
lost  in  wonder  and  astonishment  at  the  grandeur  and  beauty  unfolded 
before  us.  Shall  we  help  in  this  grand  work,  or  not?  Shall  our 
country  do  its  share,  or  shall  it  still  live  in  the  almshouse  of  the  world? 


French  Tribute  to  Darwin. — The  Committee  of  the  Royal 
Society  has  requested  the  men  of  .science  upon  the  continent  to  join 
them  in  erecting  a  monument  to  Darwin.  The  French  Academy 
accordingly  appointed  a  committee  to  receive  contributions,  and  M.  de 
Quatrefages,  in  the  name  of  M.  Milne  Edwards,  who  was  absent  on 
account  of  sickne.'^s,  addres.-ied  the  Academy  in  advocacy  of  the  sub- 
scription. He  stated,  however,  tliat  the  French  committee  wished  to 
express  no  .sentiment  in  regard  to  the  scientific  or  ])hilosophical  teach- 
ings of  D.irwin,  but  tliat  their  homage  was  rendered  to  a  man  who 
con.secrated  his  whole  life  to  scientific  work,  who  attacked  successfully 
.some  of  the  most  difficult  j)n)bl('nis  of  organic  life,  and  who,  by  the 
.special  direction  of  liis  investigations  and  the  success  which  often 
crowned  them,  rendered  brilliant  service  to  positive  .science. — Les 
Mondes,  January  6,  1883.  C. 
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Book  Notices. 


Conversion  Tables  of  Metiiic  and  British  or  United  States 
Weights  and  Measures  ;  with  an  Introduction  by  Robert  H. 
Thurston.     New  York  :  John  Wiley  &  Sons,  1883. 

Professor  Thurston  has  given  to  the  public  in  this  small  volume 
quite  a  complete  series  of  tables  for  passing  from  our  old  standards  of 
weights  and  measures  to  the  French  system,  and  the  reverse.  They 
are  compiled  in  part  from  accepted  authorities.  To  an  engineer  who 
habitually  consults  French  professional  literature,  or  to  any  other 
person  who  finds  himself  obliged  oc(!asionally  to  convert  French  into 
English  weights  and  measures,  or  who  wishes  only  to  familiarize  him- 
self with  the  French  system,  and  desires  something  more  elaborate 
than  is  obtainable  from  technical  pocket-books,  the  little  treatise  in 
question  will  be  welcome. 

An  introduction  by  the  author  precedes  the  tables,  and  is  a  short 
essay,  neatly  and  concisely  written,  on  standards  in  general.  The 
metric  system  is  advocated  in  it,  and  allusion  is  made  to  the  difficulty 
of  fully  adopting  this  system  in  Great  Britain  and  the  United  States. 
While  to  a  scientific  man  the  nomenclature  of  the  French  system 
appears  simplicity  itself,  to  the  mass  of  an  English-speahing  people  it 
sounds  complex  and  foreign,  and  raises  their  prejudices.  But  the 
nomenclature  of  a  new  system  of  weights  and  measures  is  really  o^ 
not  much  consequen(;e,  provided  the  system  is  good ;  and  by  retaining 
familiar  denominations,  with  the  prefix  new  put  before  them,  a  great 
ob-stacle  is  removed  to  the  spread  of  the  improved  system.  Thus,  the 
new  yard  may  be  the  meter,  the  new  pound  the  half  kilogramme,  the 
new  quart  the  liter.  The  subdivisions  may  be  either  according  to  the 
decimal  or  duodecimal  enumeration,  as  may  be  preferred  in  the  differ- 
ent vocations.  In  respect  to  the  inconvenience  which  certain  industries 
would  experience  from  a  change  of  weights  and  measures,  it  is  a  very 
small  offset  to  the  aggregate  advantages  attainable  in  the  rest  by  the 
adoption  of  the  metric  .system.  Moreover,  such  industries  may  con- 
tinue using  the  old  .standards  until  they  can  adapt  themselves  by  grad- 
ual provision  to  the  new  order  of  things.  After  all  is  ready  for  a 
change  let  it  occur  at  once.  Improvements  cannot  be  forsworn 
because  some  will  suffer  by  them.  How  many  have  suffered  by  changes 
which   they  were   powerless   to   prevent  and   too  blind   to   foresee ! 
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Momentary  pangs  accompany  the  first  steps  of  a  revolution,  whicli 
need  not  be  violent  to  be  real,  which  may  affect  a  whole  people  or  a 
small  trade.  This  is  the  law  of  progress  ;  this  is  broadly  the  law  of 
nature.  A  powerful  conservative  element  may  hold  in  check  for  some 
time  a  real  advance ;  but  meanwhile  this  gathers  strength,  and  at  last 
bursts  suddenly  through  all  opposition.  Conservatism  stands  up  for 
the  purpose,  chiefly  of  being  knocked  down  sooner  or  later. 

Lieut.  Birnie's  tables,  as  here  given  by  Professor  Thurston,  appear 
adapted  to  all  the  requirements  of  the  engineer.  Those  of  Captain 
Noble  are  not  so  extensive,  yet  may  better  suit  certain  purposes. 
Additional  tables  by  the  author  follow.  Then  the  C.  G.  S.  system  of 
units  is  briefly  considered.  Finally  the  work  closes  with  a  short  table 
of  four-figure  logarithms.  C.  E. 


Study  on  Reservoir  Walls,  by  J.  B.  Krantz.  Translated  from 
the  French,  by  F.  A.  Mahan.  Xew  York  :  Jolin  Wilev  &  Sons, 
1883. 

This  little  work  merits  attention  from  the  profession.  Its  author, 
M.  Krantz,  is  a  French  government  engineer,  who,  by  his  abilities, 
ranks  high  in  his  corps.  As  an  introduction  to  the  study  of  reservoir 
dams  of  masonry  it  serves  its  purpose  very  well ;  and  those  engineers 
also  who  have  given  attention  to  such  structures,  may  find  suggestions 
in  it  new  to  them.  It  advocates  the  superiority  of  the  French  form  of 
cross-section,  which  consists  of  a  level  top  and  curved  batters  at  the 
sides.  The  latter  feature  will  not  be  viewed  favorably  by  the  generality 
of  American  engineers,  prejudiced  as  they  are  against  all  curved  work; 
but  in  this  instance  especially,  as  in  some  others,  the  prejudice  is 
unfounded.  The  object  in  using  batters  curving  more  and  more 
decidedly  toward  the  bottom  of  the  dam  is,  to  concentrate  economically 
the  mass  of  material  in  this  part  of  the  section,  where  it  scientifically 
belongs.  Certain  objections  may,  indeed,  be  urged  even  here  against 
curved  batters  l)y  an  engineer  who  well  understands  his  art ;  and  in  a 
few  recent  French  dams  they  have  consequently  been  omitted,  although 
the  shapes  adopted  approached  closely  to  that  deduced  with  them.  Yet 
thev  are  perfectly  practicable  in  every  way.  As  to  the  trouble  in 
forming  them,  it  is  no  greater  than  with  broken  or  continuous  straight 
batters. 

A  number  of  small  plates,  with  dimensions  in  full  on  the  figures, 
accompany  this  essay.     About  tiie  first  half  of  them  give  standard 
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sections  for  dams  of  various  heights;  the  remainder  are  comparisons 
between  the  standard  sections  and  many  old  Spanish  and  French  dams 
noted  for  their  size  and  age.  These  comparisons  are  very  instructive; 
for  the  old  Spanish  dams  would  to-day  be  repeated  by  so-called  prac- 
tical men ;  that  is,  by  men  who  do  not  theorize.  In  the  French  form 
of  section  we  see  law,  science,  economy ;  in  any  of  the  Spanish  sections 
we  as  clearly  perceive  uncertainty,  bad  disposition  of  mass,  and 
enormous  waste  of  material.  The  older  French  dams  show  the  same 
defects,  but  not  so  grossly.  The  Furens  dam  in  France,  probably  the 
highest  as  yet  constructed,  retaining  at  the  deepest  part  a  head  of 
water  of  164  feet  when  the  reservoir  is  full,  is  built  strictly  upon  the 
system  advocated  in  this  little  work ;  and  it  is  now  sufficiently  old  to 
confirm  the  correctness  of  the  principle  of  construction  adopted     C.  E. 


La  Navigation  Electrique,  par  Georges  Dary,  Paris.     Librairie 

Polytechnique  de  J.   Baudry,   Editeur,  15   Rue   des    Saint-P^res, 

1882,  pp.  65. 

This  little  book  is  very  general  in  its  title  and  is  correspondingly 
particular  in  its  subject  matter,  being  an  account  of  the  apparatus 
devised  by  M.  Gustave  Trouve  for  the  propulsion  of  pleasure  boats  by 
electricity,  with  a  brief  reference  to  the  experiments  of  M.  de  Jacobi 
in  1839  in  St.  Petersburg,  and  of  M.  de  Molins  twenty  years  later  in 
Paris,  and  a  suggestion  of  the  possibilities  of  the  use  of  an  electrical 
motor  for  aerial  navigation.  The  apparatus  of  M.  Trouv6  consists  of 
a  screw  placed  in  a  recess  in  the  rudder,  the  motor  being  placed  upon 
the  rudder-head,  and  the  steering  cords  being  the  conductors,  and  it 
can  be  applied  to  any  boat  by  simply  unshipping  the  ordinary  rudder 
and  substituting  this  one  in  its  place. 

The  motor  consists  of  a  Siemens  armature  with  some  modifications, 
by  which  he  claims  to  have  increased  the  effective  part  of  the  revolu- 
tion and  correspondingly  reduced  the  dead  part;  and  he  uses  an  elec- 
tro-magnet instead  of  a  permanent  magnet,  which  motors  he  combines, 
so  that  two  or  more  of  them  act  together,  while  he  can  use  one  at  a 
time  for  less  speed  when  desired. 

He  uses  a  sulpho-chromic  battery  with  some  special  details  of  con- 
struction, which,  like  those  upon  the  motor,  are  ingeniously  devised 
for  convenience  of  use  and  economy  of  space.  It  is  stated  that  in 
1881  he  made,  on  the  Seine,  an  average  speed  of  from  five  to  six 
knots  per  hour.  G.  M.  E. 
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FORMULAIRE  PRATIQUE  DE  1'£lECTRICIEX  ;  PrEMIERE  AnNEE,  1883. 

E.  Hospitalier.     Paris  :  G.  Masson,  1883. 

The  two  hundred  and  seventy-eight  closely  printed  pages  of  this 
little  book  contain  a  mass  of  information,  of  so  convenient  and  sug- 
gestive a  character  as  fully  to  justify  its  aim  to  be  the  practical  elec- 
trician's vade  mecum.  In  the  first  of  the  five  main  divisions  of  the 
book  is  given  a  concise  statement  of  the  general  laws  regulating  elec- 
trical and  magnetic  action.  The  second  treats- of  the  units  of  measure- 
ment, and  also  contains  tables  showing  the  mutual  relations  between 
the  numerous  practical  units  now  used  in  electrical  mechanics.  The 
third  part,  with  the  assistance  of  neat  illustrations,  is  devoted  to  the 
instruments,  and  methods  used  in  measurement.  The  fourth  contains 
practical  directions,  mathematical  and  physical  tables,  and  a  goodly 
collection  of  the  latest  experimental  results  in  the  various  departments 
of  applied  electricity.  The  concluding  part  is  devoted  to  receipts  and 
processes  of  advantage  in  manipulation  and  construction. 

In  a  work  that  aims  to  be  comprehensive  and  yet  to  represent  the 
science  of  the  hour,  there  must  always  be  found  something  the  reader 
would  like  to  see  improved  in  form  or  in  fact.  Why,  for  example, 
should  not  the  late  values  for  the  velocity  of  light  by  Newcomb  and 
Michaelsou  be  inserted  along  with  the  old  French  results?  And  so 
a  list  of  minor  improvements  might  be  suggested  which  would  add 
both  to  its  scientific  and  international  character.  AVe  prefer,  however, 
to  respond  to  the  auhor's  direct  invitation  to  suggestion,  to  offer  one 
of  a  more  general  nature.  The  brief  description  of  methods,  instru- 
ments, results,  etc.,  are  given  with  but  a  very  few  references  to  the 
publications  where  they  were  first  described.  While  this  has  the 
advantage  of  brevity,  an  appendix  of  say  twenty  pages  of  references  to 
the  original  papers,  or  even  to  more  comprehensive  treatises  would  not 
add  much  to  bulk,  and  would,  moreover,  make  this  formulary  a  much 
more  valuable  book  for  the  general  student,  and  not  less  so  for  the 
practical  man.  In  fact,  with  such  addition,  it  would  be  difficult  to 
find  a  work  better  suite<l  to  outline  a  course  of  instruction  in  the  Elec- 
trical Engineering  required  by  present  science  and  practice.      M.  B.  S. 

Electro-Magxets  :  the  Determination  of  the  Elements  of  their  Con- 
struction ;  by  T.  II.  Du  Moncel  (tr.  from  2d  ed.)     Van  Xostrand's 
Science  Series,  No.  04.     New  York  :  D.  Van  Nostrand,  1883. 
The  increasing  importance  of  the  electro-magnet  as  an  industrial 

appliance  makes  this  reproduction  of  M.  Du  Moncel's  investigations 
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timely.  These  researches  belong  to  that  daily  enlarging  class  whose 
aim  is  to  make  the  mathematical  laws  of  electrical  action  available  in 
the  actual  construction.  Those  interested  will  here  find  convenient 
formulae,  numerically  illustrated,  for  computing  the  elements  of  the 
electro-magnet,  best  suited  to  the  varying  conditions  of  practice — par- 
ticularly telegraphic  practice.  We  regret  to  note  that  the  resistances 
are  not,  as  a  rule,  given  in  the  recognized  units.  M.  B.  S. 


Dynamo-Electric  Machinery  ;  a  series  of  Lectures  by  Sylvanus 
P.  Thompson,  B.  A.;  D.  Sc;  M.  S.  T.  E.  With  an  Introduction  by 
Frank  L.  Pope,  M.  S.  T.  E.  Van  Nostrand's  Science  Series,  No. 
66.     New  York  :  D.  Van  Nostrand,  1883. 

There  have  not  been  wanting,  in  recent  years,  special  works  describ- 
ing, in  a  general,  and  sometimes,  indeed,  in  a  tediously  minute  manner, 
the  various  forms  of  dynamo  machines  proposed  by  inventors.  We 
have,  however,  in  these  three  able  lectures  of  Prof.  S.  P.  Thompson, 
an  entirely  novel  treatment,  one  truly  philosophic  and  consequently 
also  comprehensive.  Dynamos  are  not  only  classified,  according  to  the 
theory  of  their  construction,  but  are  again  arranged  in  classes,  accord- 
ing with  the  various  methods  of  their  use.  This  plan,  followed  out 
in  detail  allows  a  scientific  discu.ssion  of  advantages  and  disadvantages 
in  particular  forms,  as  well  as  a  clear  presentation  of  the  ideals 
demanded  by  theory.  , 

We  cannot  dismiss  this  opportunity  of  calling  attention  to  a  neat 
mathematical  discussion  in  the  last  lecture  concerning  the  "  maximum 
efficiency  "  of  the  dynamo  as  a  motor.  It  had  been  shown  by  Siemens 
that  the  "  maximum  rate  of  doing  work  "  does  not  necessarily  conduce 
to  "  maximum  efficiency."  This  point  is  not  only  analytically  developed 
by  Prof.  Thompson,  but  the  relation  between  the  laws  of  Jacobi  and 
Siemens  is  also  illustrated  geometrically.  M.  B.  S. 


Iron  Watches. — Messrs.  Crowther  Bros.  &  Co.,  of  Kidderminster, 
in  order  to  prove  the  malleability  and  ductility  of  their  iron,  have  con- 
structed a  watch  entirely  of  iron,  which  keeps  excellent  time.  Claudius 
Saunier,  on  reporting  this  fact  in  the  Revue  ChronomUrique,  adds : 
There  is  nothing  new  under  the  sun.  We  have  a  watch  upon  which 
is  engraved  the  date  of  1504,  and  in  which  all  the  wheels  and  pinions 
are  made  of  iron. — Les  Mondes,  December  30.  1882.  C. 
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Conservation  of  Solar  Energy. — Duflos  de  Senlis  has  addressed 
a  letter  to  the  Revue  Scientifique,  in  which  he  claims  that  the  solar  heat 
must  always  have  been  the  same  as  it  is  now.  He  starts  from  the 
principle  that  all  the  heat  which  is  radiated  from  the  sun  returns  to  it 
under  some  form  or  other.  The  sun,  in  his  opinion,  may  be  compared 
to  an  incandescent  electric  lamp  working  in  an  absolute  vacuum,  and 
the  arguments  which  have  been  adduced  in  favor  of  a  gradual  concen- 
tration of  the  sun  do  not  appear  to  hjm  to  be  well  grounded. — Les 
3Iondes,  January  6,  1883.  C. 

Elephant's  Milk. — Dr.  Quesneville  states  that  elephant's  milk 
resembles  cream,  but  it  has  not  the  consistency  of  ordinary  crciim. 
When  seen  in  the  microscope  the  globules  are  large,  transparent,  and 
sharply  outlined.  The  cream  rises  rapidly,  leaving  the  milk  of  a  bluish 
tinge.  The  fatty  matter  has  a  yellow  color,  similar  to  that  of  olive 
oil;  liquid  at  ordinary  temperature,  it  solidifies  at  — 18°  ( — 0°4  F;). 
The  odor  and  taste  are  very  pleasiuit.  The  reporter  of  Les  3Iondes 
looks  forward  to  the  day  when  some  bold  speculator  will  milk  ele- 
phants in  the  streets  of  Paris,  in  order  to  offer  glasses  of  the  milk  to 
amateurs,  and  predicts  a  brilliant  success  to  the  first  one  who  will  try 
the  experiment. — Les  Mondes,  January  G,  1883.  C, 

Cyclonic  Theory  of  Sun  Spots.— Faye  cites  Young's  objections 
to  his  cyclonic  theory  on  the  ground  that  the  velocity  of  solar  rotation 
is  so  small  that  it  W(juld  not  be  sufficient  to  produce  a  cyclone.  He 
refers  to  the  hydrodynamic  law,  that  the  angular  velocity  in  a  whirl- 
wind varies  in  the  inverse  ratio  of  the  scpiare  of  the  distance  from  the 
axis,  and  he  names  the  following  distinctive  characteristics  of  gyratory 
movement,  which  are  found  upon  the  sun  as  well  as  in  our  atmos- 
phere. 1 .  The  circular  form  of  all  the  spots  when  they  first  make 
their  appearance.  2.  The  conical  form  of  their  opening.  3.  The 
great  contraction  of  the  opening  at  a  lower  level.  4.  Their  tendency 
to  enlarge  while  still  preserving  a  circular  form.  5.  Their  tendency 
to  subdivide  into  partial  spots,  which  become  complete  spots  with  a 
penumbra,  nucleus,  and  dark  centre.  G.  Their  regular  movement  in 
the  direction  of  the  current  in  which  they  originate.  7.  Their  long 
duration,  which  implie>^  a  gyration  around  a  vertical  axis.  8.  Their 
nio<le  of  disap])earancc,  which  corresponds  to  that  of  whirlpools  upon 
the  face  of  the  earth.  9.  The  reappearance  of  iiydrogen  around  the 
spots,  as  if  it  had  been  absorbed  at  the  centre  and  thrown  out  at  the 
circumference. — Coinptcs  Rendiis,  December  26,  1882.  C. 
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Nitrogen  in  Soils. — J.  B.  Lawes,  in  a  long  communication  upon 
agriculture,  advocates  the  opinion  that  the  source  of  all  the  nitrogen 
which  is  contained  in  crops  is  found  in  the  soil  itself  and  in  the  manures 
which  are  supplied.  Although  the  experiments  at  Rothamsted  may 
not  yet  have  established  this  theory  beyond  controversy,  they  have 
given  strong  indications  of  its  truth,  and  he  thinks  that  future  opera- 
tions will  demonstrate  it  conclusively.  He  regards  it  as  fortunate  for 
agriculture  and  encouraging  to  those  who  are  engaged  in  it,  that  the 
stock  of  nitrogen,  even  in  a  subsoil  w^hich  is  comparatively  poor,  is  so 
large  as  to  show  very  little  diminution  after  cultivation  for  a  long 
series  of  years. — Bull,  de  la  Soc.  d'Encour.,  November,  1882.        C. 

Propellers  of  Manganese  Bronze. — The  resistance  of  man- 
ganese bronze  is  greater  than  that  of  the  best  ordinary  bronze  or  of 
cast  steel.  The  wings  of  propellers  can,  therefore,  be  made  much 
lighter  than  usual,  and  the  resistance  of  the  water  largely  reduced. 
Moreover,  the  manganese  bronze  comes  from  the  mould  in  the  exact 
shape  which  is  desired,  and  there  is  no  danger  of  change  by  the  process 
of  annealing,  which  is  required  for  steel.  In  the  third  place,  the  cor- 
rosion to  which  steel  is  subject  and  which  requires  frequent  renewals, 
is  entirely  avoided.  The  manganese  bronze  preserves  a  perfectly  clean 
and  smooth  surface  for  an  indefinite  time.  It  is  a  little  more  expen- 
sive than  ordinary  bronze,  but  the  difference  in  price  is  largely  com- 
pensated by  the  difference  of  resistance,  which  allows  the  employment 
of  a  smaller  amount  of  material.  It  costs  about  twice  as  much  as  steel, 
but  in  consideration  of  the  frequent  renewals  of  steel  the  manganese 
bror^ze  is  eventually  cheaper.  The  objection  that  manganese  bronze 
might  produce  a  prejudicial  galvanic  action  has  not  been  sustained  by 
any  authentic  observations. — C/iron.  Industr.,  January  1,  1883.     C. 

Solar  Eclipse  of  May,  1883- — In  a  report  to  the  Bureau  des 
Longitudes,  M.  Janssen  speaks  of  the  favorable  circumstances  which 
will  attend  the  approaching  eclipse  of  the  sun.  Among  the  questions 
which  it  may  perhaps  enable  us  to  solve  are  the  following:  1.  Are  the 
appendices  of  the  cornea  parts  of  a  solar  atmosphere,  or  are  they  merely 
swarms  of  mcteorities  circulating  about  the  sun?  2.  Is  the  zodiacal 
light  due  to  an  independent  body,  or  is  it  connected  with  the  cornea? 
3.  Are  there  planets  between  Mercury  and  the  sun,  and  are  the  antici- 
pations of  Leverrier  to  be  confirmed  within  the  planetary  belt  as  they 
were  at  the  outer  limits  of  the  belt  ?     There  are  two  ways  of  studying 
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the  last  question — by  a  careful  examination  of  the  sun's  surface,  or  by 
an  exploration  of  the  circumsolar  regions  when  an  eclipse  renders  such 
explorations  possible.  The  second  method  seems  the  most  efficacious 
when  an  eclipse  is  long  enough  to  allow  a  minute  examination.  The 
eclipse  of  May  6th  will  last  5  minutes  59  seconds,  which  is  three  times 
the  duration  of  ordinary  eclipses.  It  will,  therefore,  present  unusually 
favorable  conditions  for  investigation.  He  recommends  that  the 
Bureau  should  send  out  an  expedition  by  way  of  New  York,  crossing 
the  American  continent  to  San  Francisco,  and  there  taking  a  steam 
packet  to  the  Marquesas  Islands.  There,  a  French  ship- of- war  should 
take  the  exhibition  to  Caroline  and  Flint  Islands,  which  are  both  near 
the  central  line  of  the  eclipse. — Les  Mondes,  December  30,  1882.    C. 

Striking  the  Hours  by  Electricity. — J.  Lauge,  a  watchmaker 
of  Beziers,  takes  the  electric  wire  of  a  battery  which  controls  an  elec- 
tric bell,  and  attaches  it  to  some  metallic  part  of  the  movement  of  a 
clock.  The  positive  wire,  suitably  insulated  from  other  parts  of  the 
clock,  is  fastened,  so  that  its  extremity  will  be  just  over  the  handle  of 
the  hammer.  When  the  clock  strikes  the  hammer  rises,  and  its  handle 
rubs  the  positive  wire,  so  as  to  form  the  contact.  At  the  same  moment, 
the  other  bells  which  are  in  the  circuit  strike  the  same  hours  as  the 
clock.  The  system  might  be  applied  to  church  bells.  Even  the  great 
bell  of  Notre  Dame  might  be  swung  by  a  little  clock,  so  as  to  strike 
synchronously  with  it,  by  means  of  a  sufficiently  powerful  electro- 
magnet.— L'Elcdricien,  No.  40.  C. 

Adulteration  of  Food. — The  muuicij)al  laboratory  of  Paris 
during  the  two  years  of  its  existence  has  rendered  valuable  service  to 
the  citizens.  Those  who  practice  the  adulterations  often  display  an 
amount  of  skill  which  would  be  more  than  sufficient  to  gain  an  honest 
fortune.  The  manufacture  of  spurious  gooseberry  jelly  furnishes  an 
example.  The  jelly  is  made  from  seaweed,  the  color  from  fuchsine, 
or  some  other  similar  material,  and  the  flavor  is  given  by  a  compound 
in  which  there  is  not  a  drop  of  gooseberry  juice,  but  which  is  com- 
posed of  5  parts  acetic  ether,  4  parts  tartiiric  acid,  1  part  benzoic  acid, 
1  part  succinic  acid,  1  part  aldehyde  and  oenantic  acid.  M.  Girard, 
the  director  of  the  laboratory,  gives  also  the  composition  of  nine  other 
chemical  compounds  for  imitating  the  flavors  of  strawberry,  pineapple, 
melon,  apple,  pear,  cherry,  peach,  apricot  and  plum.  Flour  is  ex- 
posed to  dampness,  in  order  to  make  it  weigh  heavier;  the  gluten  is 
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thus  altered,  being  rendered  less  fit  for  breadmaking  and  more  liable 
to  mould.  Wheat  flour  is  mixed  with  flour  of  beans,  peas,  lentils, 
maize,  and  even  with  potato  starch.  The  most  guilty  adulteration 
consists  in  mixing  with  flour  mineral  products  which  are  often  poison- 
ous, such  as  lead,  copper,  zinc,  sulphate  of  lime,  and  chalk.  Flour 
has  been  imported  into  France  from  Rotterdam,  which  contained  as 
much  as  30  per  cent,  of  plaster,  or  as  much  as  20  per  cent,  of  sulphate 
of  barytes.  Out  of  thirty-one  specimens  of  flour  which  were  examined 
at  the  laboratory  only  thirteen  were  found  to  be  pure. — Les  MondeSy 
Nov.  25,  1882.  C. 

Preservation  of  Honey. — According  to  Vogel,  honey  contains 
about  one  per  cent,  of  fornic  acid  on  the  average.  E.  Mylins  observed 
that  crude  honey  kept  better  than  that  which  had  been  clarified  ;  hence 
he  was  led  to  try  the  addition  of  formic  acid,  and  the  result  was  very 
satisfactory.  The  acid  seems  to  hinder  fermentation,  without  altering 
the  taste  of  the  honey. — Les  Moudes,  April  14,  1883.  C 

Water  Motor  for  Clock  Work.  -M.  Tillac,  of  Tulle,  has  de- 
vised a  drum  which  is  divided  into  an  equal  number  of  cells,  arranged 
around  a  central  arbor.  A  quantity  of  liquid  is  introduced  into  the 
interior  of  the  drum,  sufficient  to  fill  about  two  of  the  chambers,  and  a 
cord  to  which  a  weight  is  suspended,  is  rolled  around  the  arbor.  The 
liquid  is  then  raised  on  the  opposite  side  until  equilibrium  is  established. 
The  cells  communicate  by  small  orifices,  near  the  circumference  of  the 
drum,  so  that  the  liquid  tends  to  flow  constantly  downward  while  the 
weight  tends  to  carry  it  upward.  The  amount  of  liquid  and  the 
weight  can  be  so  adjusted  as  to  obtain  a  rotary  movement  as  slow  as 
may  be  desired. — Les  Mondes,  April  14,  1883.  C. 

Use  of  the  Palmetto. — The  constant  increase  in  the  demand  for 
paper,  cordage,  and  woven  fabrics,  stimulates  the  search  for  fibrous 
materials  which  may  be  used  in  the  place  of  rags  and  straw.  In 
Algiers,  by  the  side  of  the  Alfa  and  Ramie  grows  a  plant  which  is  not 
less  valuable  for  its  textile  properties;  it  is  the  dwarf  palm  tree,  a  wild 
plant  greatly  dreaded  by  agriculturists.  The  Arabs  have  long  known 
the  fibrous  properties  of  this  shrub;  but  they  have  never  utilized  any 
portion  but  the  leafy  tops.  A  Frenchman,  M.  Reynaud,  has  found  a 
use  for  the  entire  plant;  the  roots  being  employed  for  heating,  and  all 
the  re-it  being  transformed  into  fibres  of  a  superior  quality. — Chron. 
Induatr.,  March  25,  1883.  C. 
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Llst  of  Books  added  to  the  Library  during  July,  August 
AXD  September,  1883. 

Academia  Real  das  Sciencias.     Lisboa. 
Sessao  publica.     June,  1880. 
Conferencias  celebradas  na   Academia   Real  das  Sciencias   de 

Lisboa.     1880. 
Journal  de  Sciencias. 

Historia  dos  Estabelecimentos  Scientificos  de  Portugal.     For 
J.  S.  Ribeiro.     Vols.  7-9. 

Presented  by  the  Academy. 

Alraanaque  Xautico  para  1883  y  1884. 

Presented  by  El  Institute  y  Observatorio  de  Marina  de  la  Ciudad 
de  San  Fernando. 

American  Journal  of  Railway  Appliances.     Xew  York,  1883. 

American  Society  of  Mechanical  Engineers.     Transactions.     Vols.  2 
and  3.     1881  and  1882.     New  York. 

Presented  by  the  Society. 

American  Water  Works  Association.     Report  of  Third  Annual  Meet- 
ing.    Buifalo,  1883.  Presented  by  the  Association. 

Apprentices'  Library,  Philadelphia.     Sixty-third   Annual   Report  of 
the  Managers.     1883.  From  the  Library. 

Astronomical  Papers  for  use  of  the  American  Ephemeris  and  Nautical 
Almanac.     Part  3.     Vol.1.     Washington,  1880. 

Presented  by  the  Navy  Department. 

Bell,  T.  J.     Water  Supply  of  the  World. 

Presented  by  the  Ciiief  Engineer  of  Water  Dep't,  Cincinnati. 

Bibliotheca    Historico-Naturalis   et    Mathematica.      Catalogue  of  R. 
Friedliinder  &  Sohn.     Berlin.  Presented  by  the  Publishers. 

Blake  Manufacturing  Company's  Illustrated  Catalogue  of  Pumps  and 
Pumping  Machinery.     New  York,  1883. 

Presented  by  the  Company. 

Board  of  Sup(!rvising  Inspectors  of  Steam  Vessels.      Proceedings  of 
31st  Annual  Meeting.      1883.     Washington. 

Presented  by  the  Board. 

Board  of  Ignited  States  Naval  Engineers.     On  an  Air  Refrigerating 
Machine.     Washington,  1883. 

Presented  by  tiie  Navy  Department, 

Board  of  Water   Commissioners   City  of   Detroit.     Annual   Reports, 
18.'34-1880.  ^  Presente<l  by  the  Board. 
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Boston  Public  Library.  Thirty-first  Annual  Report  of  the  Trustees. 
1883.  Presented  by  the  Trustees. 

Brevets  d'lnvention.     Catalogues.     1881  and  1882. 
Brevets  d'lnvention.     Tomes  101  to  103. 

Presented  by  the  Ministre  du  Commerce. 

Brooklyn  Library.  Twenty-fifth  Report  of  the  Board  of  the  Directors. 
1883.  Preseuued  by  the  Library. 

Bureau  of  Education.  Circulars  of  Information.  Nos.  1  and  2. 
1883.     Washington.  Presented  by  the  Bureau. 

Bureau  of  Statistics.  Quarterly  Reports  of  the  Chief.  1877,  1878-9  ; 
1879-80;  1880-1 ;  1881-2;  1882-3.        Presented  by  the  Bureau. 

Burn,  R.  S.     Steam  Engine.     London,  1857. 

Cassino,  S.  E.     International  Scientists'  Directory.     Boston. 

Presented  by  the  Author. 

Census  Dep't  U.  S.  Compendium  of  the  10th  Census.  Parts  1  and 
2.     1880.  Presented  by  the  Interior  Dep't. 

Chicago  Public  Library.  Eleventh  Annual  Report  of  the  Board  of 
Directors.     June,  1883.  Presented  by  the  Board. 

Cincinnati  Water  Department.     Forty-first  Annual  Report.     1880. 
Report  of  the  Board  of  Public  Works.     1881  and  1882. 

Presented  by  the  Chief  Engineer. 

Colorado  Agricultural  College.  Fourth  Annual  Register.  1881-2 
and  1882-3.  Presented  by  C.  L.  Ingersoll,  Pres't. 

Colorado  State  Board  of  Agriculture.  Report  for  1881-2.  Denver, 
1883.  Presented  by  the  Board. 

Commerce,  Manufactures,  etc..  Reports  from  the  Consuls  of  the 
United  States  upon.     1883.  Presented  by  Dep't  of  State. 

Commerce  of  the  World,  and  the  Share  of  the  United  States  therein. 
Washington,  1883.  Presented  by  the  Dep't  of  State. 

Dixwell,  G.  B.  The  Premises  of  Free  Trade  Examined.  Cambridge, 
1881. 

Dixwell,  G.  B.  Premises  of  Free  Trade  Examined.  Cambridge, 
1883. 

Dixwell,^G.  B.  Review  of  Bastiats'  Sophisms  of  Protection.  Cam- 
bridge. 

Dixwell,  G.  B.  Review  of  the  Doctrines  of  Henry  George.  Cam- 
bridge. 

Du  Moncel  et  Geraldy.  L' 1^2 lectri cite  com  me  force  Motrice.  Paris, 
1883.  ♦ 
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Ediuburgh  Journal  of  Science.     Brewster.     London,  1826-1832. 

Fortifications  of  To-dav.     Wasliino-ton,  1883. 

Presented  by  Chief  of  Engineers,  U.  S.  A. 
Franklin  Institute  Journal.     1866,  1870  to  1875. 

Presented  by  Rev.  H,  J.  Morton. 

Geological  Survey  of  India.     Memoirs.     Paheontologia  Indica.     Ser. 
10.     Vol.  2.    'Calcutta,  1883.  Presented  by  the  Survey. 

Geraldy,  F.     See  Du  Moncel. 

Greer,  H.     Recent  Wonders  in  Electricity. 

Presented  by  the  Author. 

Halifax.     Report  on  Means  of  Preventing  Loss  by  Fire.     1883. 
Report  on  the  Proposed  Drv  Dock  for  the  Port.     1883. 
Reports  of  the  Board  of  Works.     1881-82. 
Schemes  of  Sewerage  for  the  City.     1876. 

Presented  by  the  Chief  Engineer  AVater  Dep't. 

Health   Dep't  of  Wilmington.      Reports  of  President  and  Secretarv. 
1882  and  1883. 
Condensed  Statement  of  Yearly  Mortality.     1880. 

Presented  by  the  Dep't. 

Hill,  J.  W.     Pocket  Manual  for  Engineers.     Providence,  1883. 

Presented  by  Wm.  A.  Harris. 

Institution  of  Civil    Engineers.      Proceedings.     Vol.   72.      London, 
1883.  Presented  by  the  Institution. 

Insurance  Chart.     Philadelphia,  1883. 

Presented  by  American  Exchange  and  Review. 

K.  K.  Geologischen  Reichsanstalt.     Jahrbuch.     Jan'y-March,  1883. 
Band  33.     Verhandlungen.     Jan'y  9  to  March  6,  1883. 

Presented  by  the  Society. 

Lacol,  R.  D.     List  of  Palaeozoic  Fossil  Insects  of  the  United  States 
and  Canada.     Pub.  No.  5. 

Presented  by  the  Wyoming  Historical  and  Geological  Society. 

Lewis,  H.  C.     Geology  of  Philadelphia. 

Presented  by  the  Author. 

Life  Saving  Service  of  United  States.     Report  of  Operations  for  year 
ending  June  30,  1882.     Washington,  1883. 

Presented  by  the  Bureau. 

Machinery  and  Mill  Work,  Examples  of.     Glasgow,     N.  D. 

Meteorologicjil  Council  of  Royal  Society,  London.     Hourlv  Readings. 
Part  4.     1881.  Presented  bv  the  Council. 
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Meteorological  Observatory,  Calcutta,  India.     Observations  made  in 
Jan'y,  1879;  Jan'y,  May,  June  and  July,  1882. 

Presented  by  the  Observatory. 

Meteorological  Service  of  the  Dominion  of  Canada,     Report  for  1881. 

Presented  by  Meteorological  Service. 

Montreal   Water   Works.     Report   of  the  Superintendent  for   1853, 
1862-75;  1877-82.  Presented  by  the  Chief  Engineer. 

New  Zealand    Institute.     Transactions   and   Proceedings.     Vol.   15. 
Wellington.  .  Presented  by  the  Institution. 

Nichols,  Wm.  R.     Water  Supply.     New  York :  Wiley  &  Sons,  1883. 

Ottawa,  Canada.     Reports  of  L.  Lesage  to  the  Water  Committee,  1881. 
Reports  of  the  Water  Committee,  1874,  1876,  1878,  1880  and 
1882.  Presented  by  the  Chief  Engineer. 

Patent  Office.     British.     Disclaimers    1877-1881,    Specifications  and 
Drawings.     Vols.  56  to  58,  1881,  and  Vols  1  to  23,  1882. 

Abridgements  of  Specifications  Relating  to  Electricity  and  Mag- 
netism.    Div.  3,  Part  2.     1867-1876. 
Abridgements  of  Specifications  Relating  to  Firearms.     Div.  1, 

Part  2.     1867-1876. 
Alphabetical  Indexes  of  Patentees.     1882-1883. 
Subject  Matter  Index  of  Patents.     1882-1883. 
Patent  Office.     U.  S.     Alphabetical  Lists  of  Patentees  and  Inventions. 
1882.  Presented  by  the  Office. 

Patent  Office.     U.  S.     Specifications  and  Drawings  of  Patents  granted 
June,  July,  and  August,  1882.      Presented  by  the  Patent  Office. 

Peabody  Institute.     Sixteenth  Annual  Report.     June.  1883. 

Presented  by  the  Institution. 

Pennsylvania  Museum   and  School  of  Industrial  Art.     7th  Annual 
Report  for  1882.  Presented  by  the  Museum. 

Pennsylvania.     Report  of  the  Superintendent  of  Public  Instruction. 
1882.  Presented  by  E.  E.  Higbee. 

Pennsylvania  State  College  Agricultural  Experiments.     Bulletin  1,  3 
to  5. 

Pennsylvania  State  College.     Catalogue  1882-3. 

Pennsylvania  State  College.     Circular  for  1882-3. 

Pennsylvania  State  College.     Report  on  Investigation  of  the  Affairs. 
Harrisburg,  188*3.  Presented  by  the  State  College. 

Philadelphia  Water  Supplv.     Reports  to  Coun(;il  bv  Board  of  Experts. 
Philadelphia,  1883. 


Oct.,  1883.]  Books  Added  to  Library.  313 

Pray,  Thos.     Twenty  Years  with  the  Indicator.     Boston,  1883. 

Presented  by  the  Author 

Providence.     Water  Supply.     Report  of  Chief  Engineer,  1871.     City 
Engineer,  1880  and  1882. 

First  to  Fourth,  and  final  reports  of  Water  Commissioners, 
1877-1880.  First  to  Seventeenth,  and  final  quarterly  reports 
of  Water  Commissioners.  1869-70  to  1873-4.  First  to  Tenth 
and  final  quarterly  reports  of  Commissioners,  1873-4,  1876 
and  1883.  Presented  by  the  Chief  Engineer. 

Quebec,  Canada.     Report  on  the  Amelioration  of  its  Aqueduct,  1881. 
Report  on  Supplying  Quebec  with  Pure  Water. 

Presented  by  the  Engineer  of  Water  Department. 

Richard,  T.     fitudes   sur    I'Art  d'extraire  le  Fer   de  .ses    Minerals. 
Paris,  1838. 

Royal  Dublin  Society.     Scientific  Transactions,  Xos.  15-19,   Vol.  1, 
Ser.  II ;  No.  2,  Vol.  2  Ser.  II.  Presented  by  the  Society. 

Saunier,  C.     The  Watchmaker's  Hand-book.     London  :  J.  Tripplin, 
1882.  Presented  by  Publi.sher. 

Sewerage  and  Water  Commissioners  of  St.  John  Special  Report  on 
Formation  of  Anchor  Ice.     St.  John,  1881. 

Presented  by  G.  Murdoch,  Chief  Engineer. 

Sewerage  and  Water  Commissioners  of  St.  John.     23d  Annual  Report 
for  1878. 

Shaw,  E,     Practical  Masonry.     Boston:  Mussey,  1846. 

Signal  Service  U.  S.  A.     Professional  Papers,  II.  Lsothermal  Lines  of 
the  U.  S.     1871-1880.     Washington,  1881. 

Presented  by  the  Cliief  Signal  Officer. 

Smithsonian  Institution.     Annual   Report  of  Board  of  Regents  for 
1881.     Washington.  Presented  by  the  Institution. 

Smithsonian  Institution.     Miscellaneous  Collections,  Vols.  22-27. 

Presented  by  the  Institution. 

Society  of  Engineers.     Transjictions  for  1882.     London. 

Presented  by  the  Society. 

>^pring  Garden  Institute.     Thirty-Second    Report    of  the    Board    of 
Managers  for  1882-83.  1 'resented  by  the  Board. 

State  Engineer  and  Surveyor  of  the  State  of  New  York  report  for  1868, 
1871,  1873,  1875,  1877,  1881  and  1882.     Albany. 

Presented  by  the  State  Engineer. 

Stewart,  Jr.,  Geo.     Story  of  the  Great  Fire  in  St.  Jolin,  X.  B.,  June 
20th,  1877.  Presented  by  G.  Murdoch,  Chief  Engineer. 
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Sngar-Beet  Culture  in  France  and  U.  S.     Report.    Washington,  1880. 
Presented  by  the  Department  of  Agricuhure. 

Surgeon-General  of  U.  S,  Navy.  Sanitary  and  Statistical  Report. 
1883.     Washington.  Presented  by  the  Surgeon  General. 

Symons,  G.  J.     Rainfall  Tables  of  the  British  Isles.     London. 
Presented  by  the  Meteorological  Council  of  Royal  Society. 

United  States  Coast  and  Geodetic  Survey.  Report  of  Superintendent 
for  1881.     Washington.  Presented  by  the  Survey  Office. 

United  States  Statutes.  1st  and  2d  Sessions  of  47th  Congress,  1881- 
83.  Presented  by  Hon.  Chas.  O'Neil,  M.  C. 

University  of  Tokio,  Japan.  Calendar  of  the  Department  of  Law, 
Science  and  Literature.  Measurement  of  the  Force  of  Gravity  at 
Sapporo.      '  Presented  by  the  University. 

Urquhart,  J.  W.     Electromotors.     Manchester:  Emmott,  1882. 

Water  Department,  Wilmington,  Del.  Report  of  the  Chief  Engineer 
for  1882.  Presented  by  the  Chief  Engineer. 

Water  Supply  of  Charlottetown.     Report.     Presented  by  G.  Murdoch. 

Water  Supply  of  Saint  John  and  Town  of  Portland.     St,  John,  1833. 

Presented  by  G.  Murdoch. 

Weather  Report,  Quarterly,  1880.     London. 

Presented  by  Meteorological  Council  Royal  Society. 

Woman's  Silk  Culture  Association.     Third  Annual  Report.     1883. 

Presented  by  the  Association. 

Wyoming  Historical  and  Geological  Society  Proceedings.  Nos.  4  and 
6.     Wilkesbarre,  1883.  Presented  by  the  Society. 

The  Library  is  now  in  possession  of  complete  sets  of  the  London^ 
Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of  Science, 
commenced  in  1797  under  the  title  of  Nicholson's  Journal  of  Natural 
Philosophy,  Chemistry,  and  the  Arts ;  of 

The  Phonetic  Journal,  by  Isaac  Pitman  (with  a  single  exception 
the  only  complete  set  in  the  United  States),  which  will  be  highly 
appreciated   by  those  interested  in  the  question  of  spelling  reform;  of 

The  French  Patents  as  far  as  published  by  the  French  Government ; 
and  of  all  the  Coast  Survey  Charts  thus  far  published  by  the  United 
States  Government. 

E.  HiLTEHRAND,  Librarian, 
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Franklin    Institute. 


[Proceedings  of  the  Stated  Meeting,  held  September  19,  1883.] 

Hall  of  the  Institute,  Sept.  19,  1883. 

The  meeting  \va.s  called  to  order  at  the  usual  hour,  with  the  Presi- 
dent, William  P.  Tatham,  in  the  chair.  There  were  present  91  mem- 
bers and  10  visitors. 

The  minutes  of  tha  last  stated  meeting  were  read  and  approved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers,  and 
reported  that  at  the  stated  meeting  of  the  Board,  held  Wednesday, 
September  r2th,  20  persons  had  been  elected  to  membership  in  the 
Institute. 

The  President  gave  an  account  of  the  present  condition  of  the  work 
upon  the  International  Electrical  Exhibition,  which  the  Institute  pro- 
poses to  hjld  in  September,  1884. 

The  special  committee  appointed  to  revise  the  existing  method  of 
presenting  papers  for  reading  and  discussion  at  the  meetings,  made  the 
following  report,  viz. : 

Report  of  Joint  Committee  of  Meetings  and  Publication,  on  the  Head- 
ing of  Papers  before  the  Institute. 

The  suggestions  .submitted  to  this  committee  relate  to  two  distinct 
subject.s — that  of  greater  interest  and  usefulness  in  the  monthly  meet- 
ings, and  that  of  reporting  such  discussions  as  the  papers  read  may 
evoke.  To  accomplish  the  first  and  more  important  purpo.se  it  is  pro- 
posed to  do  away,  as  far  as  possible,  with  mere  matters  of  business  at 
the  monthly  meetings,  to  shorten  the  time  allowed  for  the  reading  of 
papers,  to  recjuire  that  the  latter  shall  be  actual  e.ssays  prei)ared  before- 
hand and  not  impromptu  speeches,  and  to  have  slips  of  such  papers 
])rinted  before  the  meeting  and  circulated  among  members  interested 
in  the  subject,  that  they  may  be  prepared  to  di.scuss  it  intelligently. 

To  effect  the  changes  suggested  it  is  neces.sary  to  amend  the  By-laws 
in  Article  XIII,  relating  to  the  order  of  business.  The  amendments 
proposed  have  the  etl'ect  of  postponjng  the  routine  business  matters 
until  after  the  reading  of  papers,  etc.,  so  that  the  discussion  of  subjects 
of  scientific  and  medianical  interest  shall  have  the  preference.  If  then, 
there  should  not  be  tiine  for  the  tran.saction  of  business,  special  meet- 
ings may  be  held,  if  neces.sary,  to  attend  to  such  matters.  The  amend- 
ment proposed  is  as  follows  : 

Strike  out  Section  2  of  Article  XI J  J,  and  insert  as  follows: 
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Section  2. — The  order  shall  be  as  follows : 

1.  Reading  of  Minutes. 

2.  Secretary's  report  of  ])rogress  in  science  and  the  arts. 

3.  Paper  or  papers  announced  for  the  evening,  followed  by  discus- 
sion thereon. 

4.  Secretary's  report  on  exhibits  of  new  inventions. 

5.  Reports  from  the  Board  of  Managers. 

6.  Reports  from  the  Standing  Committees. 

(1.)  On  Library. 

(2.)  On  the  Cabinet  of  Minerals. 

(3.)  On  the  Cabinet  of  Models. 

(4.)  On  the  Cabinet  of  Arts  and  Manufactures. 

(5.)  On  Meteorology. 

(6.)  On  Meetings. 

(7.)  On  Science  and  the  Arts. 

(8.)  The  Curators. 

7.  Reports  from  Special  Committees. 

8.  Reports  from  Sections. 

9.  Deferred  business. 

10.  Consideration  of  new  business. 

Section  3. — Not  more  than  twenty  minutes  shall  be  allowed  for  the 
reading  of  a  paper,  and  the  discussion  thereon  shall  be  limited  to  forty 
minutes,  no  speaker  being  allowed  more  than  ten  minutes. 

Change  the  numbers  of  Sections  3  and  4,  to  4  and  5. 

The  following  rules  of  procedure  have  been  adopted  by  the  Com- 
mittee on  Meetings  and  Publication,  viz  : 

One  member  of  the  Committee  on  Meetings  and  one  of  the  Com- 
mittee on  Publications  shall  be  appointed  to  act  each  month  as  readers, 
and  determine  provisionally,  each  for  his  committee,  whether  the  papers 
submitted  shall  be  read  and  printed  in  the  Journal.  If  they  agree, 
and  the  Committee  on  Meetings  approves,  the  Secretary  shall  have  the 
paper  set  in  type,  and  fifty  galley  slips  tliereof  taken,  ten  of  which 
shall  be  retained  in  the  library  until  after  the  reading,  for  the  use  there 
of  members,  and  the  remainder  shall  be  distributed  to  such  members 
as  may  apply  for  them  until  the  stock,  less  the  ten  to  be  retained,  is 
exhausted.  The  Secretary  shall  give  notice  on  the  notices  of  the  meet- 
ing, of  the  title  of  the  paper  and  of  the  printing  of  the  slips.  If  the 
paper  is  to  be  read,  but  not  printed  in  the  Journal,  slips  may  be  printed 
and  distributed  as  above;  at  the  expense  of  the  author.  If  the  paper 
is  to  be  printed  but  not  read,  the  members  will  receive  it  in  the  Journal, 
and  no  other  printing  is  to  be  permitted.  The  paper  must  be  submitted 
to  the  Secretary  not  less  than  ten  days  preceding  the  meeting  at  which 
it  is  to  be  read,  and  he  shall  immediately  send  it  to  the  representative 
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of  the  Committee  on  Meetings  for  the  mouth.  The  latter  shall  submit 
the  paper,  after  he  has  passed  upon  it,  to  the  representative  of  the  Com- 
mittee on  Publication  for  the  month,  in  time  to  allow  the  latter  to  return 
the  paper  on,  or  before,  the  second  Wednesday  of  the  month.  The  paper 
shall  be  reported  to  the  Committee  on  Meetings,  which  shall  take  final 
action  as  to  the  reading.  If  slips  are  to  be  printed,  the  Secretary  shall 
have  them  ready  for  the  members  on  the  Monday  preceding  the 
monthly  meeting. 

The  members  shall  serve  as  representatives  in  rotation,  in  an  order 
determined  by  the  chairman.  In  case  of  absence  or  inability  of  the 
representative  to  attend  to  his  duties,  the  next  on  the  list  shall  be  noti- 
fied by  the  Secretary  to  act  in  his  place,  and  so  on  through  the  list. 

The  Committee  on  Publication  may  review  the  action  of  their  reader 
and  reject  a  paper  finally,  but  his  approval  shall  be  sufficient  to  author- 
ize the  printing  of  galley  slips. 

In  respect  to  reporting  the  debates,  we  find  that  no  action  is  required 
by  the  committee  or  Institute.  The  By-laws,  Section  2  of  Article  VII, 
prescribe  as  one  of  the  duties  of  the  Secretary  that  he  shall  report  or 
cause  to  be  reported  the  proceedings  of  the  Institute  and  shall  deliver 
the  report  thereof  or  an  abstract  of  it  to  the  editor  for  publication. 
The  committee,  however,  would  suggest  to  the  Secretary  that  in  the 
exercise  of  this  power,  he  have  full  re])orts  made  of  the  discussions  and 
printed  on  the  type-writer  for  preservation  in  the  library.  Those  which 
are  deemed  of  sufficient  importance  may  be  printed  in  full  in  the  Jour- 
nal, and  of  the  others,  abstracts  can  be  printed. 

They  would  also  recommend  that  to  put  the  changed  programme  into 
operation  at  once,  the  order  of  business  be  temporarily  changed  by 
vote  at  the  September  meeting  in  accordance  with  these  suggestions. 
Also,  that  the  following  resolution  be  submitted  to  the  Institute  at  the 
September  meeting  : 

Resolved,  That  the  Secretary  be  authorized  to  provide  an  automatic 
signal  bell  that  can  be  set  to  ring  at  an  appointed  time,  and  that  when 
a  speaker  begins  to  read  his  paper  it  shall  be  his  duty  to  set  the  bell 
to  ring  at  the  end  of  twenty  minutes,  after  which  signal  the  reading 
shall  be  stopped,  unless  unanimous  consent  is  given  the  speaker  to  con- 
tinue. 

Under  the  proposed  plan  an  essayist  having  a  paper  he  desired  to 
read  would  have  to  send  it  to  the  Secretary  ten  days  before  the  meeting. 
The  readers  for  the  month  would  have  three  days  in  which  to  consider 
it  at  their  leisure,  not  being  required  to  meet  for  the  purpose.     The 
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paper  would  then  be  submitted  to  the  Committee  on  Meetings  at  its 
meeting  on  the  second  Wednesday  evening.  Action  there  would  be 
final  as  to  its  reading  and  printing  on  galley  slips,  the  Secretary  being 
thus  given  four  working  days  in  which  to  have  it  set  in  type,  and  the 
members  two  days  in  which  to  read  and  consider  it  before  the  meet- 
ing. The  Committee  on  Publication  would  in  the  meantime  or  after- 
wards review  the  action  of  their  reader.  This  should  secure  well- 
digested  papers  and  intelligent  discussion. 

On  motion  of  Mr.  Hector  Orr  the  consideration  of  the  report  was 
postponed  until  the  October  meeting, . 

A  paper  by  Mr.  Joseph  Sharp,  of  Cincinnati,  on  "  Oil-Dressed  Belt- 
ing," was  read,  in  the  absence  of  the  author,  by  the  Secretary.  The 
paper  was  discussed  by  Messrs.  J.  W.  Nystrom  and  Hugo  Bilgram. 
It  appears  in  the  J(juknal  for  October. 

A  paper  by  Mr.  Robert  Grimshaw,  on  "  The  Indicator  as  a  Detec- 
tor of  Ijost  Motion,"  was  read  by  title.  It  appears  in  this  issue  of 
the  Journal. 

The  Secretary's  report  comprised  a  review  of  the  present  condition 
of  several  important  engineering  projects,  and  a  description  of  a  num- 
ber of  new  inventions,  among  which  were  included  the  following : 
The  Blackman  Exhaust  Fan,  an  apparatus  designed  for  ventilating  pur- 
poses, and  which  is  claimed  by  its  makers  to  embody  several  features 
of  construction,  which  add  greatly  to  its  capacity,  utility,  and  economy, 
as  compared  with  other  devices  for  the  same  purpose.  A  new  Revers- 
ing Gear  for  locomotive  and  other  engines,  invented  by  Fred.  Rock,  of 
Homer,  N.  Y.,  and  the  object  of  which  is  to  supersede  the  link  motion 
and  other  devices  used  for  reversing  or  shortening  the  travel  of  the 
valve,  to  cut  off  steam  at  different  parts  of  the  stroke  of  the  piston,  in 
order  that  the  steam  may  be  used  expansively  at  any  time  when  the  full 
stroke  is  unnecessary.  An  improved  portable  Fire-Escape^  invented 
by  H.  H.  Little,  of  Camden,  N.  J.,  composed  of  a  series  of  extension- 
ladders  connected  with  a  lazy-tongs  mechanism,  by  which  they  may  be 
rapidly  extended  to  full  length  and  lowered,  in  which  latter  state  the 
whole  apparatus  is  compactly  folded  up.  The  actuating  mechanism  is 
a  spring,  the  coiling  of  which  lowers  the  apparatus ;  while  releasing  it, 
by  the  withdrawal  of  a  pawl  from  a  ratchet  wheel  which  it  carries, 
extends  the  apparatus  to  its  full  height.  From  the  top  of  each  ladder 
lateral  platforms  extend,  which  may  be  inclined  so  as  to  bring  them 
opposite  the  windows  of  a  building,  and  by  means  of  which  persons 
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may  }3ass  from  the  window.s  to  tlie  ladders.  A  ba.sket  may  also  be 
raised  and  lowered  by  means  of  ropes  pa.ssing  over  pulleys  on  the  pro- 
jecting arms  of  the  upper  section.  The  whole  apparatus  is  mounted 
on  a  truck,  which  enables  it  to  be  rapidly  transported  and  moved  into 
any  position  with  reference  to  a  burning  building  where  it  may  be 
needed. 

The  so-called  "Calorific  Positive  Pump,"  invented  by  Mr,  C.  L. 
Riker,  of  New  York,  was  exhibited  in  operation,  and  may  be  described 
in  gCHeral  terms  as  follows : 

A  steam  generator  contained  within  a  cylindrical  base,  using  gas  as 
fuel,  supplies  steam  to  a  copper  cylinder  situated  above  it,  displacing 
the  water  contained  therein  until  about  three-quarters  of  its  contents 
have  been  driven  out,  when  the  steam  is  suddenly  condensed,  forming 
a  vacuum  therein,  the  result  of  which  is  that  the  cylinder  becomes 
again  filled  with  water  from  the  well,  cistern  or  other  source  of  sup- 
ply. The  above  operation  is  then  repeated.  It  should  be  stated  that 
the  pump  is  filled  with  water  before  it  is  started,  after  which  it  will 
always  keep  itself  supplied  an(^  if  necessary,  will  work  continually 
until  either  the  water  or  gas  fails  to  supply  it.  There  are  no  working 
parts  except  the  check  valves  in  the  suction  and  discharge  pipes.  It 
is  an  alternating  vacuum  and  steam  pressure  pump,  entirely  automatic, 
after  the  ignition  of  the  gas.  It  vaporizes  at  each  discharge  about  one 
tablespoonful  of  water  (for  No.  5  size),  and  the  construction  is  such 
that  it  is  impo.ssible  to  generate  a  greater  amount  of  steam  than  is  just 
sufficient  to  effect  each  intermittent  discharge. 

The  consumi)tion  of  gas  is  said  to  be  20  cubic  feet  per  hour  for  200 
gallons  of  water  raised  50  feet  high. 

Specimens  of  the  so-called  "  Magneso-Calcite,"  a  new  fire-proof 
material,  manufactured  by  the  Magneso-Calcite  Fire-proof  Comi)any, 
of  ]^oston,  were  shown  and  described.  The  material,  which  takes  the 
form  of  slabs,  sheets,  etc,  of  any  desired  form,  consi-sts  of  a  number 
of  layers  of  fibrous  materials  (mineral  or  vegetable),  thoroughly  incor- 
porated, with  the  aid  of  water,  with  clay,  magnesia,  lime,  talc,  or  sim- 
ilar refractory  materials. 

This  is  made  into  layers,  sheets,  or  any  other  desired  form,  and  is 
then  saturated  with  a  solution  of  a  .salt  of  lime,  alum,  borax,  silicate 
or  tungstate  of  sodium,  or  other  incombustible  salt.  Thus  prepared, 
the  sheet,  slab  or  what  not,  is  covered  on  one  or  more  sides  with  a 
lining  made  preferably  of  vegetable  or   mineral  fibre,  or  a  mixture  of 
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both,  saturated   with  a  solution  of  a  salt  of  lime,  alum,  borax,  tungs- 
tate  or  silicate  of  sodium. 

Though  its  principal  application,  as  stated  by  the  makers,  is  as  a 
lining  to  fire-proof  safes  and  safety  boxes,  it  is  also  recommended  as  a 
lining  for  vaults,  floors,  shutters,  partitions,  elevator  shafts  and  hall- 
ways, for  encasing  boilers,  fire-rooms  in  dwellings,  stores  and  steam- 
boats, covering  steam  pipes,  etc.,  and,  in  short,  in  every  situation 
wliere  the  use  of  a  material  possessing  eminent  heat-insulating  and 
heat-resisting  qualities  is  indicated. 

A  series  of  bevel-gear  wheels,  made  by  the  system  and  machine 
described,  some  time  since,  in  the  Journal,  by  Mr.  Hugo  Bilgram, 
was  shown  on  behalf  of  the  maker. 

The  "  Balanced  Thermometer,"  invented  by  Messrs.  H.  C.  Kirk  & 
J.  T.  Bray  ton,  was  exhibited  for  the  maufacturers,  the  Geneva  Bal- 
anced Thermometer  Company,  of  Geneva,  N.  Y.  A  graduated  mer- 
curial tube  of  the  ordinary  pattern  is  balanced  on  needle  points,  the 
tube  itself  acting  as  a  pointer  on  a  dial  carefully  constructed  for  the 
purpose.  The  pointer  being  once.adjusted  to  indicate  the  same  tem- 
perature as  shown  by  the  mercury  in  the  tube,  the  weight  of  the  mer- 
cury will  afterward  determine  the  direction  of  the  pointer  and  show 
the  temperature. 

The  indications  of  these  instruments  may  be  read  at  a  distance. 
They  are  made  to  register  from  40  below  zero  to  140°  Fah.,  and  are 
extremely  sensitive. 

Several  forms  of  sewer  traps  were  shown  and  described  on  behalf  of 
the  inventors,  Herman  Pietsch,  of  Flatbush,  L.  I.,  and  Joseph  Bennor, 
of  Philadelphia,  respectively. 

Prof.  M.  B.  Snyder,  seconded  by  Dr.  Wahl,  at  the  conclusion  of  the 
Secretary's  report,  offered  the  following  resolutions,  which  w^ere  adopted 
without  dissenting  voice,  viz. : 

''Resolved,  That  a  suitable  committee  be  appointed  to  arrange,  if 
possible  for  an  '  International  Electrical  Congress,'  to  convene  in  Phil- 
adelphia on  the  occasion  of  the  International  Electrical  Exhibition  of 
1884;  also, 

"  liefiolved,  That  said  committee  may,  both  prior  to  and  during  the 
Exhibition,  arrange  for  conferences  of  scientific  men  interested  in  the 
various  departments  of  pure  and  applied  science." 

The  meeting  was  thereupon  adjourned. 

William  H.  Wahl,  Secretary. 
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Philadelphia,  April  5,  1883. 
To  the  Select  and  Common  Councils  of  the  City  of  Philadelphia. 

Gentlemen  : — The  undersigned  liave  the  honor  to  submit  a  final 
report  upon  the  subjects  referred  to  them,  concerning  the  present  and 
future  supply  of  water  for  the  City. 

In  the  preliminary  report  made  October  14,  1882,  which  your  Board 
considered  imperatively  required  in  order  that  the  City  migliL  avoid  a 
short  supply  of  water,  certain  recommendations  were  made  for  pump- 
ing machinery  and  mains,  and  for  the  construction  and  completion  of 
reservoirs  of  distribution. 

They  have  carefully  revised  the  recommendations  then  made,  and 
after  a  prolonged  study  of  the  subject,  find  no  reason  to  change  them 
in  any  essential  particular. 

In  view,  however,  of  the  small  amount  immediately  available  for 
extensions,  they  recommend  certain  modifications  in  the  application  of 
the  funds. 

The  resources  understood  to  be  available,  and  at  the  command  of  the 
Water  Department,  are  as  follows  : 
1.  Approj)riation  of  December  30,  1882, 

For  the  extension  of  Works $G5,000  00 
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2.  Appropriation  of  March  24,  1883, 

For  the  extension  of  Works 250,000  00 

3.  Appropriation  of  March  30,  1883, 

For  the  extension  of  Works 210,000  00 


Total $525,000  00 

Which  sum  is  now  at  the  service  of  the  Water  Department. 
The  conclusions  of  the  Board  as  to  the  most  advantageous  application 
of  this  sum  are  set  forth  in  the  following  schedule : 

SCHUYLKILL  WORKS. 

For  engine  and  boiler  house |50,000  00 

"    two  15  million  gallon  engines 96,000  00 

"    two  ranges  of  boilers  and  connections 65,000  00 

"    two  36-inch  forcing  mains,  2,500  L.  feet  at  $15 37,500  00 

"    completing  the  laying  of  the  48-inch  main  to  Corin- 
thian Basin,  1,000  feet  at  $5 5,000  00 

Cross  connection   from   Corinthian   Basin  to  Schuylkill 

and  Fairmount  Basin,  36-inch  pipe , 7,000  00 

Tracks,  coal-bins,  etc 3,000  00 


Total $263,500  00 

ROXBOROUGH. 

For  one  7|  million  gallon  engine $47,000  00 

"    forcing^mains,  etc 3,000  00 

"    two  boilers  and  steam  pipe  connections 7,000  00 

"   stack 2,000  00 

"    new  Inlet,  etc.,  screens  and  dredging 3,000  00 


Total $62,000  00 

GERMANTOWN   MAIN. 

For  16-inch  main,  from  Mount  Airy  reser- 
voir on  Allen's   lane,  to  _  McCallura, 

j^l^  McCallum    to   Carpenter,    Carpenter, 

down  Green  to  Tulpehocken 1 1,000  feet 

For  12-inch  main  on  Green  street,  from 

Tulpehocken  to  Manheim  street 6,500  feet 


17,500  feet 


Total $70,000  00 
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FRANKFORD. 

For  one  10  million  engine $47,000  00 

"   foundations 2,500  00 

"    steam  connections 500  00 

Total $50,000  00 

SURVEYS. 

Fo7-  Determining  Sources  of  Future  Supply. 

For  2  parties  per  month (1  party  per  month  at  $1,000)...   $  2,000  00 

"    6  months  field  work 12,000  00 

"    Analyses 1,000^00 

"    Office  work 7,000  00 

Total $22,000  00 

RECAPITULATION. 

Amount  available $525,000  00 

For  Schuylkill  Works $263,500 

Germantown  Mains 70,000 

Roxborough 62,000 

Frankford 50,000 

Surveying 22,000      467,500  00 

Leaving  a  balance  of. $57,500  00 

Of  which  thirty-nine  thousand  five  hundred  (37,  500)  dollars  should 
be  transferred  to  Item  15  of  the  annual  appropriations  for  "buildings, 
grounds  and  reservoirs,"  and  the  remainder,  twenty  thousand  (20,000) 
dollars,  be  allotted  to  the  general  contingencies  of  the  Department. 

The  Board  would  modify  the  recommendations  previously  made  in 
regard  to  the  character  of  the  machinery  to  be  obtained,  to  suit  the 
altered  circumstances  of  the  case.  They  advise  for  the  Schuylkill  and 
Roxborough  Works,  horizontal  compound  duplex  engines,  in  general 
character  similar  to  the  Worthington  engines  at  those  works;  and  for 
Frankford  AVorks,  a  compound  rotating  engine,  of  a  form  in  some 
respects  modified  from  that  already  in  use. 

The  importance  of  the  appropriation  for  the  Germantown  main  is 
due  to  the  imperfect  supply  in  Germantown,  the  lower  part  of  which 
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is  almost  without  water,  and  its  population  depending  on  one  small 
main.  At  the  same  time  the  water  supply  as  far  south  as  Allegheny 
avenue  will  be  greatly  improved. 

The  appropriation  for  "  buildings,  grounds,  and  reservoirs,"  is 
necessary  on  account  of  the  small  sum  allotted  to  this  item  in  the 
appropriation  bill  for  the  current  year,  wherein  only  eighteen  thousand 
five  hundred  (18,500)  dollars  is  made  to  cover  items  specifically  named, 
amounting  to  fifty-four  thousand  two  hundred  and  twenty  (54,220) 
dollars,  and  further  by  the  dangerous  condition  of  some  of  the  reser- 
voirs demanding  immediate  attention. 

At  Wentz  Farm,  the  slip  of  the  bank  and  other  defects  have  reduced 
the  present  capacity  to  less  than  half  of  the  total  contents,  as  only 
twelve  feet  of  water  can  be  carried  in  the  lower  area,  as  against  twenty- 
two  feet,  which  could  be  maintained  were  the  basin  in  good  order.  At 
other  reservoirs,  also,  repairs  are  at  once  required  to  prevent  rapid 
deterioration. 

The  item  of  contingencies  is  important  to  provide  against  variations 
in  cost  from  the  estimates,  for  additional  works  which  cannot  nov/  be 
estimated  for,  and  to  enable  the  Department  to  deal  promptly  and 
efficiently  in  the  event  of  accident.  Your  Board  regard  as  indispens- 
able to  the  satisfactory  working  of  the  Department,  that  a  contingent 
fund  should  annually  be  at  its  disposal. 


RESERVOIRS. 

In  the  foregoing  schedule  no  provision  is  made  for  the  reservoirs 
mentioned  in  the  preliminary  report.  It  was  there  stated,  as  to  the 
completion  of  East  Park,  the  acquisition  of  land  for  and  the  construc- 
tion of  Cambria,  and  the  acquisition  of  land  for  and  the  extension  of 
Mt.  Airy,  that  "  all  of  them  are  needed  now,  and  will  ultimately  form 
proper  centres  of  distribution,  whatever  may  be  the  permanent  source 
of  supply  for  the  city." 

This  remark  is  based  upon  the  fact  that  the  vast  extent  of  territory 
to  be  supplied  with  water  in  the  city,  and  the  diversified  character  and 
altitude  of  its  surfaces,  point  out  certain  locations  as  peculiarly  fitted 
for  points  of  distribution  independently  of  the  source  of  supply.  It 
is  not  probable  that  better  points  could  be  selected  now  if  the  whole 
subject  were  an  open  one.  The  city  has  already  expended  large  sums 
at  East  Park,  and  a  storage  for  its  levels  of  distribution  of  from  four- 
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teen  to  sixteen  days'  supply  can  be  had  by  completing  it,  at  far  less  cost 
than  in  any  other  way.  The  location  at  Cambria  and  Thirtieth  streets 
is  as  yet  unimproved,  and  unless  speedily  acquired  may  be  reached  by 
building  enterprises  which  Avill  render  it  more  difficult  and  expensive 
to  obtain  at  a  future  time.  There  seems  to  be  no  better  site  for  a 
reservoir  to  command  this  district,  which  already  contains  two  hundred 
and  thirty  thousand  persons,  is  now  without  any  subsiding  reservoir, 
and  is  growing  more  rapidly  than  any  other  part  of  the  city.  Adja- 
cent to  Mt.  Airy  Reservoir  unimproved  land  can  be  had  of  suitable 
character  and  elevation  at  less  cost  than  in  the  future.  Its  necessity 
for  that  section  of  the  city  is  apparent  when  the  small  and  totally 
inadequate  dimensions  of  the  present  reservoir  are  considered. 

Your  Board  would  therefore  again  most  urgently  press  upon  your 
consideration  the  importance  of  immediately  taking  steps  to  acquire  the 
needed  land  at  the  two  points  named,  even  if,  as  they  are  advised,  no 
money  is,  at  the  moment,  available  for  proceeding  with  the  work  of 
construction. 

FUTUKE    SUPPLY. 

Upon  this  most  important  branch  of  the  subject  your  Board  have 
bestowed  much  attention.  But,  owing  to  considerations  hereinafter 
referred  to,  they  find  it  impracticable  at  the  present  time  to  reach 
definite  conclusions,  or  to  submit  any  recommendations  other  than  those 
embodied  in  this  report. 

In  the  preliminary  report  the  following  remarks  were  made : 

"  Meanwhile  your  attention  is  respectfully  called  to  the  fact  that 
complete  surveys  must  be  made,  and  reliable  data  obtained,  of  the 
localities  from  and  through  which  a  pure  water  supply  can  be  drawn, 
in  order  to  form  a  correct  judgment  as  to  their  availability.  As  it  is 
essential  that  this  information  be  obtained,  an  appropriation  for  such 
surveys  of  not  less  than  fifteen  thousand  (15,000)  dollars  is  suggested." 

No  steps  having  been  taken  in  this  direction  by  your  Honorable 
bodies,  it  becomes  necessary  to  again  invite  your  attention  to  the  subject, 
and  your  Board  have  included  in  their  estimates  for  present  expendi- 
tures, the  sum  of  twenty  thousand  (20,000)  dollars,  which  will  enable 
the  Department  to  place  in  the  field,  at  once,  surveying  parties,  and  to 
work  up  the  results  of  their  labors.  Under  the  most  favorable 
<;onditions,  the  greater  part  of  a  year  will  be  consumed  in  procuring  the 
information,  without  which   no  intelligent  judgment  can   be   formed. 
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Indeed,  in  other  cities  large  sums  are  annually  expended  for  surveys  to 
secure  fresh  information  respecting  the  possible  ssurces  of  water 
supply. 

Recommendations  heretofore  presented  for  the  supply  of  Philadel- 
phia from  distant  points  have,  in  the  opinion  of  the  Board,  been  based 
upon  insufficient  definite  knowledge,  and  more  recent  investigations 
have  shown,  that  in  estimating  the  available  rainfall  and  the  eifect 
upon  the  purity  of  the  water  of  impounding  it  for  long  periods,  views 
formerly  entertained  require  considerable  modification. 

There  are  two  main  sources  of  supply,  the  Schuylkill  and  the  Dela- 
ware, with  their  respective  tributaries.  At  certain  points  each  of  these 
rivers  furnishes  an  adequate  amount  of  reasonably  pure  water. 

At  the  points  where  the  water  for  the  city  is  now  drawn,  its  impurity 
is  constantly  increasing,  and  is  probably  approaching  the  limit  of 
wholesomeness. 

The  first  inquiry,  then,  is  clearly  whether  this  impurity  can  be 
removed,  or  reduced  to  a  safe  point.  If  it  can  be  so  reduced,  the 
present  sources  of  contamination  removed  and  guarded  against  for  the 
future,  and  sufficient  quantities  be  had,  it  is  unnecessary  to  look  to 
more  distant  sources.  If  this  cannot  be  accomplished  it  will  be  needful 
to  draw  from  one  or  the  other  of  these  rivers  at  points  higher  up. 

To  answer  this  inquiry,  and  to  form  a  judgment  of  the  cost  either 
of  purifying  the  present  supply,  or  obtaining  a  new  one,  careful  detailed 
analyses  must  be  made  of  the  water  obtained  from  different  points  in 
order  to  trace  the  causes  of  impurity,  as  well  as  careful  topographical 
and  geological  surveys.  Gaugings  of  the  streams,  and  of  the  rainfalls 
over  the  areas  draining  into  the  Perkiomen,  Skippack,  Wissahickon^ 
etc.,  are  required,  as  well  as  the  upper  affluents  of  the  Delaware,  if 
such  should  be  found  necessary.  The  surveys  should  be  especially 
directed  to  ascertaining  where,  to  what  extent,  and  at  what  cost, 
impounding  reservoirs  can  be  constructed,  and  the  several  available 
routes  for  conduits  carefully  investigated,  with  a  view  to  determine 
their  cost. 

At  present  the  larger  portion  of  the  city's  supply  is  drawn  from  the 
Schuylkill.  It  is  evident  that,  so  far  as  quantity  is  concerned,  an 
abundant  supply  can  be  obtained  for  a  long  time  to  come,  for  its 
minimum  flow  is  not  less  than  two  hundred  million  gallons  daily,  and 
this  might  be  largely  increased  by  additional  dams,  as  was  suggested 
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by  the  Park  Commission  sixteen  years  ago,  and  by  the  Board  of 
Experts  in  1875. 

Formerly,  the  character  of  the  Schuylkill  water  was  of  the  first 
rank  among  the  sources  of  supply  for  cities.  If  this  condition  could 
be  restored,  nothing  better  can  be  expected. 

The  first  duty  of  the  city  is  to  remove  whatever  sources  of  contami- 
nation are  imported  within  its  own  limits.  The  city's  ownership  of 
so  much  of  the  banks  of  the  river  as  are  contained  in  Fairmount  Park 
is  of  the  greatest  importance  in  this  respect,  but  the  efforts  of  the 
Park  Commission  to  preserve  the  purity  of  the  water  have  been 
rendered  almost  nugatory  by  the  constantly  increasing  drainage  into 
the  river  from  the  east  bank,  caused  by  the  growth  of  large  manufac- 
turing industries,  and  their  attendant  populations. 

Your  Board  believe  that  analyses  will  show  that  the  deterioration 
in  the  quality  of  the  Schuylkill  water,  justly  complained  of,  is  largely 
due  to  this  cause,  and  that  the  completion  of  the  sewer  from  Flat 
Rock  to  below  Fairmount  will  tend  to  restore  its  wholesomeness  by 
removing  a  most  serious  source  of  pollution.  The  construction  of  this 
sewer  has  for  many  years  been  urged  upon  the  city  authorities,  first, 
by  the  Park  Commission,  and  subsequently,  by  others  who  have  con- 
sidered the  subject,  and  it  is  a  matter  for  congratulation  that  the  work 
is  at  last  to  be  undertaken. 

Supposing,  however,  that  when  this  sewer  is  in  use,  and  when  the 
city  has  exhausted  all  other  means  of  preventing  contamination  within 
its  boundaries,  is  it  possible  to  control  the  pollution  of  the  stream  at 
higher  points  ? 

This  introduces  the  question,  whether  by  suitable  State  legislation, 
riparian  owners,  whether  individuals  or  communities,  can  be  compelled 
to  observe  toward  the  City  of  Philadelphia  the  common  obligation 
incident  to  similar  rights  as  between  individuals.  The  principle  is 
well  established  which  preserves  to  ever}'  person  the  use  of  running 
streams  only  so  far  as  he  does  not  impair  their  use  and  purity  for 
others. 

It  is  the  opinion  of  your  Board  that  the  determination  of  the  ques- 
tion of  future  supply  should  be  entrusted  to  a  Commission  to  be  here- 
after constituted,  before  whom  should  be  laid  the  fullest  information 
attained  or  attainable,  together  with  such  reports,  plans,  and  projects, 
as  may  be  submitted  by  the  Water  Department  after  the  necessary  data 
shall  have  been  gathered. 
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REDUCTION    OF    WASTE. 

Next  to  the  importance  of  obtaining  a  proper  supply  of  water  comes 
the  question  of  its  economical  use.  Experience  in  other  places  has 
proved  that  the  loss  from  leakage  of  service  pipes  and  stop  cocks,  and 
from  allowing  waste  of  water  in  houses,  factories,  etc.,  is  enormous,  and 
eifective  means  have  been  devised  for  discovering  this  loss. 

Your  Board  consider  it  essential  to  an  efficient  conduct  of  the 
department  that  the  Chief  should  be  empowered  to  use  all  known 
means  for  finding  and  correcting  this  evil. 

Another  source  of  waste  is  the  absence  of  proper  methods  of  deter- 
mining and  valuing  the  use  of  water  in  factories  and  large  public 
buildings.  For  these  your  Board  consider  that  meters  should  be  used 
at  the  discretion  of  the  Department.  It  is  impossible  even  to  approxi- 
mate to  the  amount  of  water  used,  on  the  basis  of  a  given  size  of 
ferrule,  because  the  quantities  passing  vary  in  different  localities, 
according  to  the  pressure,  and  because  the  use  in  some  localities  is  more 
constant  than  in  others.  The  only  equitable  mode  of  assessing  in  such 
cases  is  by  the  quantity  actually  consumed.  This  at  the  same  time 
should  check  wastefulness.  In  most  of  the  large  cities  the  use  of 
meters  for  large  consumers  has  been  found  of  great  value.  On  the 
other  hand,  it  is  not  desirable  to  affix  meters  to  houses. 

The  first  cost  of  these  meters  would  have  to  be  borne  by  the  De- 
partment, but  they  might  be  made  to  earn  a  large  interest  on  the 
investment,  and  would  undoubtedly  result  in  so  considerable  an  increase 
of  revenue  in  certain  cases  as  to  warrant  a  reduction  in  others,  and  the 
furnishing  of  water  to  houses  at  a  cheaper  rate  than  at  present.  At 
the  same  time  it  would  be  found  that  the  consumption  per  capita  would 
decrease,  and  with  it,  proportionally,  the  expense  of  the  Department. 

SUMMARY   OF    RECOMMENDATIONS. 

1st.  The  application  of  the  appropriation  as  specified  for  immediate 
needs. 

2d.  The  acquisition  of  land  for  reservoirs  at  Cambria  street  and 
Mt.  Airy. 

3d.  The  organization  of  a  surveying  staff,  with  duties  as  indicated. 

4th.  The  consideration  of  general  legislation  for  protection  of 
streams  from  pollution. 

5th.  Adoption  of  measures  for  the  prevention  of  waste. 
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CONCLUSION. 

In  conclusion,  the  undersigned  deem  it  proper  to  state  that  owing 
to  the  prolonged  absence  of  their  colleague,  Mr.  Chesbrough,  caused 
by  his  illness,  the  responsibility  thrown  upon  them  has  been  greatly 
increased,  and  they  deeply  regret  that  they,  as  well  as  their  fellow 
citizens,  have  been  deprived  of  his  valuable  services  during  the  latter 
portion  of  their  labors. 

Respectfully  submitted, 

J.  Yaughan  Merrick, 
Fred.  Graff, 
William  Ludlow, 

Chief  Engineer  Water  Department 


TECHNICAL  TRAINING. 


By  Thomas  M.  Drown. 

[An  address  delivered  before  the  Alumni  Association  of  Lehigh  University, 
June  20,  18M.] 


The  part  which  the  natural  sciences  of  physics  and  chemistry  play 
in  our  every-day  life  comprises  about  all  that  makes  life  practically 
worth  living.  A  moment's  reflection  will  convince  one  that  to  the 
physicist  or  engineer  we  owe  all  our  methods  of  rapid  communication 
and  transportation,  u.s  well  as  the  utilization  and  adaptation  of  power ; 
and  to  the  chemist  we  owe  our  supplies  of  metals  and  other  necessa- 
ries of  modern  life.  Technical  schools  have  for  their  object  the  teach- 
ing of  these  sciences,  with  the  direct  purpose  of  their  application  to 
the  well-being,  the  pleasure,  the  comfort,  and  the  convenience  of  man- 
kind. We  will  devote  this  hour  to  the  inquiry  how  this  object  can  be 
best  attained. 

Era])iricism  is  the  foundation  of  all  art  and  manufacture.  Nearly 
all  the  early  discoveries  in  the  arts  were  the  result  of  accident  or  hap- 
hazard experiment.  Useful  results,  which  could  be  regularly  repro- 
duced, gave  value  to  discovery  and  dignity  to  the  discoverer. 

It  would  be  interesting — to  take  an  illustrative  instance — if  we  knew 
the  circumstances  connected  with  the  discovery  of  metallic  iron.  We 
can  well  imagine  that  a  fire,  large  and  intense  enough  to  reduce  iron 
from  its  ore,  musi:  often   have  been   made  in  accidental  contact  with 
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surface  ore,  and  that  the  presence  of  the  metal  in  the  ashes  must  have 
attracted  attention.  This  observation  once  made,  there  would  follow  a 
series  of  experiments  to  determine  the  conditions  under  which  the 
metal  was  produced,  and  the  substances  necessary  for  its  production. 
It  would  not  long  escape  intelligent  observation  that  a  certain  red  or 
brown  earth,  or  may  be  a  black  rock,  was  the  substance  which  yielded 
the  metal,  and  that  fire  was  the  necessary  condition  of  its  formation. 
Then  would,  doubtless,  follow  many  fruitless  experiments  with  rocks 
and  earths  of  similar  appearance,  until  finally,  the  experimenters 
would  learn  to  distinguish  by  the  appearance,  weight,  color,  etc.,  the 
deposits  which  contained  iron  from  those  which  did  not.  But  the  iron 
thus  accidentally  produced — a  mixture  of  metal,  cinder,  and  ashes — 
was  of  no  value  until  further  experiment  revealed  the  fact  that  the 
metal  could,  when  hot,  be  united,  by  hammering,  into  one  mass,  with 
the  separation  of  cinder  and  other  extraneous  matter.  The  discovery 
of  this  property  of  iron,  as  notable  as  tliat  of  its  production  from  the 
ore,  prompted  still  further  experiment.  The  irregularity  of  the  pro- 
duct would  suggest  the  more  perfect  control  of  the  fire,  and  small  fur- 
naces would  be  built  with  manifest  advantage.  Again,  it  would  be 
found  that  ores  from  different  localities  behaved  differently  in  the  fur- 
nace or  gave  iron  of  different  properties ;  and  the  best  and  most  easily 
worked  ores  would  be  carried  to  distant  furnaces,  or  the  iron  smelters 
would  move  to  the  vicinity  of  the  best  ores  and  build  their  furnaces 
there.  In  the  course  of  time  it  would  be  noted  that  the  iron  was  not 
uniform  in  hardness,  and  an  accident  would  be  sure  to  reveal  the  fact 
that  sometimes  the  metal,  when  suddenly  cooled  in  water,  would 
become  intensely  hard.  This  new  line  of  investigation  would  result  in 
the  more  or  less  regular  and  controlled  production  of  steel. 

As  the  result  of  all  this  experiment  certain  favored  regions  would 
become  celebrated  for  the  manufacture  of  superior  utensils  and  weapons 
of  iron  and  steel,  and  certain  men,  more  than  usually  intelligent  or  ex- 
perienced, would  become  famous  for  their  skill. 

This  was  the  school  in  which  were  trained  the  famous  masters,  who 
by  work  at  the  forge  and  anvil  made  themselves  names  which  history 
passes  down  by  the  side  of  princes. 

In  museums  of  mediaeval  art  we  see  specimens  of  smith's  work 
which  excite  our  wonder  and  admiration.  These  were  made  by  the 
masters  at  the  forge  with  intelligent,  patient,  and  often  loving  labor. 
We  see  the  sword  which  was  carried  and  used  by  some  warrior  of  old 
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still  fit  for  new  conquests ;  we  see  the  strong  box,  with  cuning  lock, 
in  which  some  castle-robber  kept  his  treasure  ;  and  we  see  the  deli- 
cately-wrought screen  of  leaves  and  flowers,  hammered  from  the  soft 
and  willing  iron,  which  found  its  appropriate  place  in  a  cathedral. 

In  those  days  there  were  no  technical  schools,  and,  it  may  be  asked 
whether,  in  such  arts,  we  derive  any  practical  benefit  from  school 
teaching.  Is  not  rather  the  pupil's  place  at  the  master's  side  taking 
lessons,  hammer  in  hand,  while  the  master  directs  the  blows  ?  It  may 
be  safely  answered  that  no  system  of  class  teaching,  which  modern 
experience  or  necessity  has  devised,  can  impart  that  subtle  element  of 
genius  with  which  great  minds,  full  of  enthusiasm,  inspire  their  lov- 
ing pupils.  Class  teaching  is  a  necessity  in  our  day  of  general  educa- 
tion, and  the  best  that  the  teacher  can  do,  in  many  cases,  is  to  ignore 
individual  differences,  and  to  bring  his  pupils  all  to  the  same  level  in 
knowledge.  It  is  a  machine-like  process  that  aims  at  a  good,  uniform 
product.  The  enthusiasm  begot  of  the  intimate  relations  of  teacher 
and  pupil  must  be  subordinated  to  the  general  good  of  a  larger  num- 
ber. The  loss  of  this  personal  enthusiasm,  while  much  to  be  deplored, 
is  not  without  its  compensations.  The  fact  that  say  a  hundred  young 
men  are  taught  where  but  one  was  taught  before,  not  only  multiplies 
the  actual  number  of  educated  men  but  renders  the  evolution  of  great 
minds  more  probable.  In  the  arts  which  are  less  capable  of  formula- 
tion the  master  system  still  survives.  In  painting  and  music  there  is 
a  first,  or  mechanical,  stage  which  can  be  learned  from  competent 
teachers  in  classes ;  but  there  is  a  stage  beyond  this,  where  the  inspired 
master  speaks  a  language  which  only  the  worthy  pupil  understands. 
Genius  cannot  l>e  taught,  but  it  may  fall  like  the  prophet's  mantle  on 
him  whose  gaze  can  follow  his  master  into  the  celestial  fire  and  see  the 
forms  of  beauty  and  strength. 

There  is  also  in  all  the  p7-adical  arts  a  region  beyond  fornuilas.  It 
is  in  this  region,  shut  out  as  by  a  cloud  from  the  sight  of  the  multitude, 
that  the  prophets  live,  spending  their  time  in  translating  eternal  truths 
into  the  language  of  men. 

But,  further,  it  is  impossible  to  conceive  of  a  school  in  the  day  of 
purely  empirical  knowledge.  Art  is  appropriately  taught  in  the  shop  ; 
science,  or  classifie<l  knowledge,  belongs  in  the  school.  It  is  nowadays 
rather  the  fashion  to  admire  the  works  of  the  past,  and  to  mourn  over 
the  degeneracy  of  modern  art.  It  is  true  that  the  workmanship  of 
old  was  often  more  thordugli  and  complete  than  we  find   it  in  our  day. 
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not  because  the  art  was  better  understood,  but  because  more  time  was 
taken  to  it.  Time  has  increased  in  value,  and  it  does  not  now  pay  to 
linger  over  the  manufacture  of  a  cabinet  or  table. 

The  mistake  is  often  made  of  comparing  the  industrial  arts  of  to-day 
with  the  fine  arts  of  centuries  past.  Chairs,  and  tables,  and  carpets, 
and  clocks  belong  to  the  necessary  furniture  of  every-day  life.  Shall 
we  mourn  over  the  fact  that  they  are  now  made  simply  and  cheaply 
because  we  find  that  some  of  our  ancestors  lavished  ornaments  on  their 
furniture,  and  studded  their  clocks  with  jewels  ?  Does  any  one  suppose 
the  mass  of  the  people  of  that  day  lived  with  these  artistic  surround- 
ings? Fine  art  is  not  limited  to  paintings  and  sculpture,  and  in  our 
day,  we  too,  when  time  and  wealth  permit,  refine  our  household  goods 
into  works  of  beauty. 

There  is  a  good  deal  of  nonsense  talked  about  "  lost  arts."  There 
have  been  very  few  arts  lost  which  were  worth  keeping.  Disused  arts 
are  abundant  enough,  and  may  be  revived  if  the  demand  arises.  It  is 
safe  to  say  that  the  modern  workman  could  imitate  and  improve  upon 
any  of  the  works  of  mediaeval  art  in  metal  or  wood  if  he  thought  it 
worth  while.  Do  we  not  hear  rumors  of  modern  enterprise  which  can 
supply  genuine  antiquities  fresh  from  the  factory  ? 

The  mediaeval  workman,  should  he  return  to  the  scene  of  his  earthly 
labor,  would  find  himself  unable  to  compete  with  the  modern  mechanic 
in  his  own  art.  His  hand  might  retain  its  old  cunning,  and  his  soul 
be  full  of  high  purpose,  but  his  forge  and  work-bench  could  not  com- 
pete with  the  machine  shop  and  saw  mill. 

The  fine  arts  may  rise  and  fall  and  rise  again,  but  in  the  industrial 
arts  there  is  steady  progress. 

How  then  have  schools  arisen  ?  In  the  course  of  time  as  facts  accu- 
mulated, and  when  it  was  found  by  the  pupils  who  journeyed  from  one 
master  to  another,  that  the  explanations  of  well-known  facts  were 
nearly  as  numerous  as  the  masters,  the  necessity  of  classification  arose 
to  develop  some  order  out  of  the  tangle  of  facts.  This  is  the  period 
when  schools  appear,  when  men  drop  their  tools  to  think  over  their 
work,  and  compare  it  with  the  work  of  others.  The  school  is  at  the 
start  an  annex  of  the  shop,  having  for  its  object  the  systematic  arrange- 
ment of  the  facts  which  the  shop  supplies.  But  the  school  cannot  long 
remain  the  patient  handmaid  of  the  shop.  Facts  developed  by  acci- 
dent or  experiment  come  too  slowly  to  supply  the  mental  machinery 
which  has  been   put  in  motion,  and  the  imagination  supplies  the  facts 
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which  the  mind  demauds — prophecies  of  discovery  Avhich  experiment 
confirms  or  refutes.  Now  begins  the  era  of  intelligent  investigation, 
and  Ave  have  more  than  an  industrial  school  which  deals  with  the  best 
practice,  we  have  a  school  of  science  which  seeks  the  causes  of  things. 
All  technical  schools  go  through  this  coui*se  of  development — in  engi- 
neering, chemistry,  metallurgy,  architecture,  and  even  medicine,  for  it 
too  is  largely  an  experimental  science. 

The  school,  born  of  the  shop,  in  time  attempts  to  control  its  opera- 
tions, and  the  inevitable  conflict,  so  called,  of  theory  and  practice 
arises. 

When  sanitary  science  began  to  direct  attention  to  the  necessity  of  a 
better  drainage  system  for  houses,  the  workman  in  solder  and  pipes 
defiantly  placed  over  his  door  the  sign  "  Practical  Plumber."  Scien- 
tific agriculturists  likewise  developed  the  "practical  farmer."  There 
is  scarcely  a  trade  which  has  not  taken  alarm  at  the  tendency  of  modern 
investigation,  and  many  a  craftsman  fortifies  himself  against  antici- 
pated attacks  in  announcing  himself;  for  instance,  as  a  "  practical 
hatter,"  a  "  practical  cobbler,"  or  a  "  practical  bell-hanger." 

Nor  is  it  only  in  the  trades  that  this  reactionary  tendency  is  noticed. 
Even  in  the  professions  which  deal  mainly  with  matters  of  mind  or 
emotion  we  meet  the  suggestion  of — the  "  practical  lawyer,"  the  "  prac- 
tical physician,"  the  "practical  politician,"  or  even  the  "practical  theo- 
logian." In  matters  of  fine  art  too,  it  is  often  felt  (but  less  often  con- 
fessed) that  the  tendency  is  to  expression  beyond  the  comprehension  of 
the  layman,  who  would  gladly  welcome  the  revival  of  what  he  might 
call  the  "practical  painter,"  or  the  "practial  musician." 

The  phrase  "  conflict  of  theory  and  practice  "  is  often  used  without 
definite  meaning.  Muscular  labor  is  always  conservative,  and  the  con- 
servatism is  in  direct  proportion  to  the  physical  strength  involved. 
He  who  works  with  heavy  tools  is  more  set  in  his  ways  than  he  who 
works  with  lighter  ones.  Manual  dexterity  is  the  transition  from 
muscle  to  mind.  Mental  labor,  on  the  other  hand,  is  always  radical, 
and  is  apt  to  forget  the  things  behind  in  its  striving  for  things  ahead. 
The  "conflict"  is  the  inertia  of  labor  opposing  the  restless  advance  of 
mind;  it  is  in  the  nature  of  a  check  or  brake  which  practice  puts  on 
the  train  of  thought.  Viewed  in  this  light  there  can  be  no  victory  on 
either  side,  for  both  work  together  for  the  best  result.  Life  would  be 
the  monotonous  affair  that  Solomon  found  it  "if  the  thing  that  hath 
been  is  that  which  shall  bo,  and  that  which  is  done  is  that  which  shall 
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be  done ;"  but  worse  than  this  monotony  would  be  the  confusion,  the 
chaos,  that  would  result  if  theory  proclaimed  itself  independent  of 
practice.  Human  society  has  decided  the  former  life  to  be  merely  dull, 
but  for  the  latter  it  provides  insane  hospitals.  The  conservatism  of 
labor  is  often  mentioned  with  unjust  reproach;  we  demand  of  labor, 
accuracy  and  uniformity,  just  as  we  do  of  machines,  and  we  constantly 
endeavor  to  eliminate  irregularities  of  product  by  division  of  labor,  or 
by  the  construction  of  machines  which  do  not  get  weary,  do  not  go  on 
sprees,  or  strikes.  If,  after  this  narrow  training,  we  find  that  the 
human  machine  opposes  the  introduction  of  new  ideas  or  processes, 
should  we  be  surprised?  We  might  as  well  complain  that  a  horse-shoe 
machine  would  not  adapt  itself  to  make  pins  ! 

It  is  not  unfrequently  noticed  that  men  who  pride  themselves  on 
being  "  practical,"  are  the  most  inveterate  theorists ;  and  equally  droll 
is  the  quiet  confidence  that  the  schoolman  often  has  in  his  ability  to 
work  in  the  shop  or  mill  if  he  wanted  to.  It  needs  the  personal  con- 
tact of  these  two  classes  of  men  to  develop  mutual  confidence  and  re- 
spect, with  the  elimination  of  ignorance.  Happy  is  the  man  who  com- 
bines in  himself  both  the  knowledge  to  think  and  to  work. 

We  are  very  fortunate  in  this  country  in  having  a  society  in  which 
the  schoolman  and  craftsman,  the  engineer  and  the  iron  worker,  the 
chemist  and  the  furrtace  man,  meet  on  common  ground,  without  fear  or 
jealousy,  to  learn  from  one  another.  No  society  in  our  day  has  made 
more  real  progress  and  done  more  good  work  than  the  American  In- 
stitute of  Mining  Engineers.  Its  Transactions  contain  the  record,  side 
by  side,  of  the  best  practice  and  the  highest  scholarship.  This  is  the 
fellowship  of  theory  and  practice. 

Technical  schools  are  not  indigenous  in  this  country,  they  have  been 
transplanted  from  Europe,  and  were  originally  formed  on  German 
models.  The  rapid  development  of  our  mines  of  the  precious  metals 
in  the  West,  found  us  without  the  necessary  technical  skill  to  work 
them  advantageously,  and  we  were  particularly  deficient,  two  or  three 
generations  ago,  in  the  knowledge  necessary  to  work  these  ores  profit- 
ably. German  metallurgists  came  in  large  numbers  to  this  country, 
and  our  young  men  were  sent  to  German  mining  schools  to  fit  them- 
selves to  take  charge  of  mines  and  smelting  works. 

Many  of  us  can  well  recall  the  young  American  returned  to  his 
native  shore  after  a  sojourn  of  two  or  three  years  abroad.  He  brought 
back  with  him  an  elaborate  case  of  blow-pipe  instruments,  a  collection 
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of  miiiei'als  aud  hammers,  a  well-assorted  library,  particularly  rich  in 
the  German  classics,  an  intimate  knowledge  of  foreign  social  customs, 
a  vocabulary  liberally  enriched  in  foreign  technical  terms,  and  a  look 
and  an  air  that  seemal  to  say,  "  I  am  ready  to  show  you  how  it  is  done." 
They  had  no  difficulty  in  securing  positions  to  put  their  knowledge  to 
practical  use,  and  while  a  few  of  them  were  successful,  it  must  be  con- 
fessed that  many  of  these  young  men  made  lamentable  failures  at  the 
start,  causing  loss  to  mine  and  mill  owners,  and  bringing  discredit  on 
systematic  instruction.  We  must  also  admit  that  the  early  graduates 
of  our  American  mining  schools  were  also  often  unsuccessful  at  first. 
There  was  evidently  something  wrong  either  in  the  works  or  in  the 
school ;  and  as  a  consequence,  the  school  teaching  of  practical  science 
sustained  a  serious  check.  The  schools  thought  the  works  were  jealous 
and  put  obstacles  in  the  young  men's  way,  and  the  shops  thought  the 
teaching  of  the  schools  impracticable,  and  unfitted  the  men  for  work. 
The  trouble  was  simply  that  the  young  men  had  studied  one  side  of 
the  subject  and  attempted  to  practice  the  other.  It  was  the  case  of  an 
imperfect  science  attempting  to  instruct  a  well  developed  art.  The 
case  was  complicated  by  the  fact  that  the  schools  gave  diplomas,  assert- 
ing the  graduates  to  be  "  civil  engineers,"  "  raining  engineers,"  etc., 
and  no  wonder  they  thought  the  faculty  knew  best  on  this  point. 

Very  often  the  trouble  arose  from  the  attempt  "to  introduce  foreign 
metallurgical  methods  into  Americ-an  practice,  ignoring  the  fact  that 
mining  and  smelting  are  primarily  economic  problems,  and  that  the 
successful  treatment  of  ores  in  one  locality  may  be  a  failure  in  another. 
It  is  not  in  the  least  soothing  to  the  capitalist,  who  discovers  that  his 
metallurgist  uses  more  money  to  get  the  gold  from  the  ore  than  it  is 
worth,  to  be  told  that  the  process  was  scientifically  correct  and  had 
been  successfully  used  elsewhere. 

Patience  on  one  side  and  ])erseverance  on  the  other  brought  about, 
at  length,  a  better  understanding,  and  the  practical  man  recognized  that 
the  graduates  of  the  techniail  schools  were  the  best  raw  material  for 
making  promptly  managers  and  superintendents.  The  school  learning 
gave  him  an  advantage  at  every  stage  of  his  work  over  the  ordinary 
workman.  This  recognition  reacted  favorably  on  the  schools,  and  the 
young  men  no  longer  thought  their  first  duty  was  to  instruct,  but  to 
apply  their  school  knowledge.  There  is  now  no  longer  any  distrust  of 
the  schools  on  the  part  of  the  works,  in  fact  we  may  say  that  the 
schools  have  conquered  the  works,  for  the  practical  managers  are  now 
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very  generally  the  graduates  of  technical  schools,  and  are  very  glad  to 
get  young  men  with  technical  training.  They  know  just  how  to  treat 
them  and  what  kind  of  work  to  put  them  at.  More  than  this :  these 
managers  begin  to  discriminate  among  the  schools,  finding  some  young 
men  better  trained  than  others,  and  there  has  thus  arisen  a  beneficial 
rivalry  among  the  schools  to  give  young  men  the  preparation  best  cal- 
culated to  secure  them  places  for  work.  Competition  in  schools  is  as 
healthy  as  competition  in  trade,  and  it  is  worth  while  to  discuss  the 
question  what  is  the  best  course  to  pursue  in  teaching  science  as  applied 
to  the  arts.  Let  us  first  try  to  define  a  technical  school,  or  rather  to 
determine  its  relations  to  other  schools.  We  will  begin  negatively, 
and  say. 

1st.  It  is  not  a  school  of  general  culture.  We  must  not  attempt  to 
crowd  too  many  studies  into  a  technical  course.  The  student  should, 
as  far  as  possible,  have  in  mind  a  clear  outline  of  his  course  from  the 
beginning.  And  yet  no  greater  mistake  was  ever  made  than  that  which 
asserts  that  the  engineer  or  chemist  does  not  need  to  be  liberally  edu- 
cated. In  the  year  1876  there  was  a  discussion  in  Philadelphia,  under 
the  auspices  of  the  American  Society  of  Civil  Engineers  and  the 
American  Institute  of  Mining  Engineers  on  the  subject  of  Tech- 
nical Education.  It  was  called  by  the  lamented  Alex.  L.  Holley 
to  consider  mainly  the  question  whether  shop  practice  should  pre- 
cede follow,  or  coincide  with  technical  instruction.  A  considerable 
number  of  schoolmen,  practical  engineers,  and  metallurgists  took 
part  in  the  discussion,  and  nearly  all  of  them  insisted  that  the  most 
important  requirement  of  the  engineer  was  culture.  It  is  a  narrow 
life  that  concerns  itself  solely  with  building  bridges  or  making  analyses. 
The  best  professional  work  is  done  by  him  whose  life  is  spent  in  a 
gentle  and  cultured  environment.  It  is  deplorable  to  find  a  trained 
and  competent  engineer  unable  to  write  a  report  clearly  and  correctly. 
But  what  else  can  we  expect  when  young  men  are  sent  to  technical 
schools  instead  of  to  high  schools  and  colleges  ?  A  professor  in  a 
Hungarian  mining  academy  once  said  :  "  If  there  is  any  study  in  which 
you  are  particularly  interested  don't  make  your  living  by  it ;  keep  it 
for  a  hobby."  This  advice  does  not  always  hold  good,  but  it  contains 
the  germ  of  a  useful  truth,  that  professional  men  should  have  interests 
of  an  elevated  character  outside  of  their  daily  work. 

2d.  It  is  not  a  scientific  school,  as  this  terra  is  generally  used ;  that 
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is,  a  school  in  which  the  culture  consists  largely  in  the  study  of  the 
natural  sciences. 

3d.  It  is  not  a  school  of  pure  or  abstract  science. 

4th.  It  is  not  an  industrial  school  in  which  the  practice  of  an  art  is 
taught. 

Technical  schools  are  broadly  distinguished  from  schools  of  general 
culture  or  science,  by  reason  of  special  duty  for  a  definite  end,  and  are 
distinguished  from  schools  of  abstract  science  by  the  element  of  hand- 
work which  enters  into  them.  From  industrial  schools  they  are  dis- 
tinguished by  the  element  of  experiment  or  investigation.  Turning 
to  the  positive  aspect  of  the  subject  we  say, 

1st.  A.  technical  school  is  primarily  a  place  for  the  preparation  of 
young  men  to  earn  their  living  in  engineering,  mining,  chemistry,  etc. 
Any  system  which  overlooks  this  or  makes  it  of  secondary  importance 
is  faulty  and  unjust.  Young  men  are  sent  to  these  schools  with  this 
end  definitely  in  view.  It  is  easy  for  any  one  to  earn  his  living  in 
mining  or  engineering  with  muscle  and  pick,  but  schools  are  established 
to  fit  him  to  make  a  better  living  with  brain  and  pencil.  It  is  the 
lighter  equipment  which  does  the  most  work  and  earns  the  most  wages. 
A  technical  school  can  then  be  fairly  judged  by  its  results,  namely,  the 
character  of  its  graduates.  Are  they  the  better  or  woi-se  fitted  for 
earning  their  living  with  their  school  learning  than  they  would  have 
been  without?  This  is  a  fair  test  question.  And  yet  most  of  the 
teaching  in  the  schools  is  of  a  preliminary  nature.  Young  graduates 
must  begin  at  the  bottom  in  practice,  but  in  this  position  they  are  still 
generally  able  to  earn  something.  Analytical  chemistry  is  the  only  branch 
usually  taught  in  the  schools  which  is  complete  in  itself  and  not  neces- 
sarily preliminary  to  other  work.  The  analytical  chemist  is,  therefore, 
on  graduation  fitted  to  take  an  independent,  responsible  position.  His 
work,  after  he  leaves  the  school,  does  not  differ  in  kind  from  that  in 
the  school.  The  same  may  be  said  in  some  degree  of  the  department 
of  physical  testing,  though  this  is  less  developed  in  the  schools  than 
analytical  chemistry. 

2d.  A  technical  school  is  a  device  to  save  time.  Man  has  always 
chafed  under  his  limitations,  and  failing  to  discover  an  elixir  which 
should  indefinitely  prolong  youthful  and  vigorous  life,  he  has  directed 
his  energies  to  making  his  allotted  span  fuller  and  richer.  Man's  days 
are  still  three-score  years  and  ten,  but  he  now  crowds  as  nuich  into 
them  as  Methuselah  did  into  his  nine  hundred  sixty  and  nine.     It  is 
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generally  considered  good  advice  to  youth  that  they  emulate  the  career 
of  noble,  self-made  men,  who,  beginning  life  poor,  with  no  one  to  lend 
a  helping  hand,  have  struggled  with  fate  and  conquered,  not  merely 
acquiring  wealth  but  knowledge.  History  is  full  of  the  names  of  such 
men,  and  the  lesson  they  teach  has  only  too  often  been  interpreted  to 
mean  that  success  is  conditioned  on  hardship,  disappointment,  and 
delay.  But  do  these  same  self-made  men  thus  read  the  lesson  of  their 
lives  ;  do  they  advise  young  men  to  turn  back  and  follow  in  their  foot- 
steps ?  Not  so  ;  rather  do  they  say  to  young  men,  "  I  would  not  that 
you  be  spared  thought,  but  I  would  save  you  from  anxious  thought ; 
I  would  not  that  you  be  spared  work,  and  even  hardship,  but  I  would 
save  you  from  wearing  uncertainty,  and  from  that  waste  of  precious 
time  that  my  education  has  cost  me ;  I  would  have  you  not  go  over 
the  ground  that  I  have  gone  over,  but  begin  in  youth  where  I  leave 
oif  in  age."  Thus  have  acted,  if  they  have  not  thus  spoken,  those 
great  benefactors  of  our  own  valley — Asa  Packer  and  Ario  Pardee — 
in  founding  schools  for  technical  education,  that  young  men,  without 
means,  might  not  lose  time  in  fitting  themselves  for  useful  work. 

The  will  and  the  power  to  add  a  score  of  years  to  a  useful  life  is 
benevolence  almost  divine. 

3d.  A  technical  school  is  a  post-graduate  school.  In  this  respect  it 
ranks  with  schools  of  law,  theology  and  medicine.  It  is  only  in  recent 
years  that  law  and  medical  schools  have  taken  a  definite  stand  in  regard 
to  the  proper  preparation  for  these  studies.  Parents  would  choose 
between  business,  college,  or  a  profession  for  their  sons,  and  medical 
schools  permitted  men  to  matriculate  without  a  question  as  to  even  a 
common  school  education.  This  condition  of  aifairs  is  now  fortunately 
passed — or  is  rapidly  passing  away — in  the  so-called  learned  profes- 
sions, but  it  still  exists  to  a  great  degree  in  technical  schools.  The 
reason  is  clear  enough.  These  schools  have  grown  out  of  the  works 
and  industrial  schools,  and  their  professional  character  is  not  yet  fully 
recognized.  Industrial  schools  train  mechanics,  technical  schools  train 
engineers.  This  distinction  finds  an  apt  parallel  in  training  schools 
for  nurses,  and  professional  schools  for  physicians.  We  must  not 
expect  the  public  to  discover  and  insist  on  this  distinction  ;  it  must  be 
made  by  the  technical  schools  in  setting  their  qualifications  for  admis- 
sion. 

4th.  A  technical  school  aims  to  teach  the  relation  of  abstract  science 
to  the  practical  arts.     If  we  examine  the  catalogues  of  these  schools 
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we  find  a  long  list  of  subjects — mining,  mechanical,  and  civil  engi- 
neering, metallurgy,  chemistry,  physics,  geology,  mineralogy,  drawing, 
mathematics,  languages,  etc., — and  to  the  list  might  well  be  added 
sanitary  and  electrical  engineering.  All  of  the  studies  have  a  direct 
bearing  on  human  welfare.  But  the  great  number  of  them,  with  the 
ever  widening  scope  of  each,  renders  the  arrangement  of  a  course  of 
study  very  difficult,  and  wc  not  unfrequently  find  in  a  course  a  most 
heterogeneous  collection  of  studies  whose  relation  is  merely  superficial 
or  one  of  sequence.  Take  for  instance  the  course  of  mining  engineer- 
ing as  taught  in  many  schools.  To  obtain  the  degree  of  "  mining 
engineer,"  the  student  must  have  a  certain  knowledge  of  geology  and 
topography  to  locate  ore-deposits,  he  must  be  a  mineralogist  to  deter- 
mine the  occurring  minerals,  a  mining  engineer  (in  its  narrower  sense), 
to  take  out  the  ore,  a  chemist  to  assay  it,  a  mechanical  engineer  to 
build  the  necessary  machinery  for  hoisting  and  ore-dressing,  and  a 
metallurgist  to  extract  the  metal  from  the  ore  and  work  it  into  useful 
forms  for  the  mechanic  and  civil  engineer.  To  all  this  is  often  added 
a  course  in  bookkeeping  and  mining  law.  It  must  indeed  be  a  well- 
rounded  man  who  has  tiiken  this  all  in. 

A  course  of  this  kind  is  a  survival  of  the  time  when  all  that  was 
known  on  all  these  subjects  taken  together  would  not  inordinately  tax 
a  youthful  intellect ;  but  as  these  subjects  expanded,  each  into  a  science 
in*itself,  instructors  neglected  to  divide  the  course  into  several  inde- 
pendent courses  and  went  on  cramming  the  student  to  a  point  of  un- 
safe tension. 

Perhaps  no  classification  that  we  could  make  of  the  branches  taught 
in  technical  schools  would  meet  the  demands  of  all  students,  on 
account  of  the  interlacing  of  the  branches.  At  first  sight  we  think 
we  have  a  natural  sequence  in  the  subjects  just  named,  that  is,  geology, 
mining  engineering,  mechanical  engineering,  metallurgy  and  civil 
engineering,  and  that  we  could  divide  this  course  into  two  or  more 
courses  by  drawing  lines  anywhere  between  these  studies.  But  this 
would  make  very  artificial  divisions.  Mining  engineering  is  not  very 
different  from  civil  engineering ;  the  mathematical  basis  is  the  same 
in  both  and  much  of  the  work  is  the  same.  In  fiict,  many  of  our 
best  mining  engineers  have  been  educated  as  civil  engineers,  and  have 
afterwards  transferred  their  field  of  operations  from  the  surface  of  the 
earth  to  its  interior.  It  is  not  a  very  long  step  from  the  engineering 
of  construction  to  the  engineering  of  destruction. 
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Again,  both  the  miuiug  and  civil  engineer  should  know  a  good  deal 
of  mechanical  engineering,  which  deals  with  the  mechanisms  for  the 
utilization  of  power.  The  metallurgist  is  primarily  a  chemist,  but 
the  more  he  knows  of  mechanism  and  construction  the  better  able  is 
he  to  carry  on  his  work.  And  so  we  might  go  on  to  show  that  the 
more  a  man  knew  of  all  these  related  branches  the  better  he  could 
perform  his  special  work — an  argument  which  would  simply  go  to 
prove  the  advantage  of  omniscience.  Unfortunate  as  it  is  in  many 
respects  we  must  be  reconciled  to  the  necessity  of  becoming  specialists, 
and  to  call  in  other  specialists  to  help  us.  Perhaps  the  most  we  can 
hope  for  is  to  be  an  expert  in  one  department  and  to  know  enough  of 
the  related  departments  to  judge  of  the  harmony  and  fitness  of  the 
combined  work  of  many  heads  and  hands. 

In  a  general  way  we  may  divide  technical  studies  into  engineering 
and  metallurgy,  but  a  broader  and  better  division  would  be  into  physics 
and  chemistry ;  under  the  former  subject  being  arranged  those  studies 
which  have  a  mathematical  basis,  and  under  the  latter  metallurgy  and 
other  chemical  branches. 

At  the  risk  of  overthrowing  both  classifications  it  must  be  mentioned 
that  a  most  useful  combination  course  is  one  in  metallurgy,  which 
ignoring  all  engineering  branches,  deals  with  the  chemical  and  physical 
properties  of  metals  and  alloys.  This  is  the  great  virgin  field  in  tech- 
nology which  promises  a  grand  harvest  of  valuable  results  to  him  who 
works  it  patiently  and  intelligently.  The  civil  engineer  does  well  to 
complain  that  the  ignorance  of  the  metallurgist  with  regard  to  the 
properties  of  the  metals  used  in  construction  hinders  his  progress  and 
introduces  great  uncertainty  into  his  work. 

To  the  question  what  should  be  the  method  of  teaching,  I  would 
say, 

1st.  Negatively — nothing  should  be  taught  in  the  schools  which  can 
be  better  taught  in  the  field  or  shop.  While  this  broad  proposition 
must  meet  with  general  acceptance,  there  is  yet  a  great  diversity  of 
opinion  where  the  line  should  be  drawn  between  shop  and  school,  or 
just  how  much  shop  belongs  in  the  school,  or  how  much  school  belongs 
in  the  shop.  It  is  not  my  purpose  to  enter  into  this  discussion  at 
present,  but  it  will  be  admitted  by  all  that, 

2d.  The  school  rather  than  the  shop  is  the  place  for  finer  research 
and  experiment. 

3d.  The  subjects  taught  in  the  schools  being  largely  experimental, 
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and  consequently  belonging  to  the  growing  and  advancing  sciences,  it 
should  be  the  object  of  the  teacher  not  only  to  give  the  student  the 
present  condition  of  the  science,  but  to  identify  him  with  its  growth. 

As  to  detailed  methods  of  teaching,  it  is  not  well  to  enter  too  min- 
utely, for  this  is  a  matter  for  the  individual  instructor,  who  will  have, 
if  he  is  in  earnest,  his  own  methods  based  on  his  own  experience  or 
his  own  theories.  This  personal  element  we  cannot  eliminate,  if  we 
would.  And  yet  there  may  much  good  come  from  the  discussion  by 
teachers  of  their  methods  and  results. 

Teaching  involves  three  processes — instruction,  or  the  imparting  of 
information  ;  education,  or  the  development  of  the  mental  faculties ; 
and  training,  or  the  formation  of  habits  of  thought  and  w^ork.  Grood 
teaching,  whether  in  kindergarten,  college,  or  professional  school,  is 
the  happy  combination  of  these  three  processes.  In  childhood,  the 
element  of  instruction  predominates  ;  in  colleges,  education ;  and  in 
profe&sional  schools,  training ;  but  no  one  of  these  elements  can  be 
absent  in  any  kind  of  school  without  an  imperfect  result.  In  technical 
schools  there  is  a  good  deal  of  general  information  which  must  be  ac- 
quired, and  a  good  deal  that  must  be  memorized ,  there  is  no  escaping 
it.  There  is  a  certain  amount  of  preliminary  work  which  must  be 
done,  once  for  all,  without  which  no  sure  progress  can  be  made.  There 
are  no  short  cuts  to  knowledge  at  this  stage.  In  education,  the  in- 
structor's work  assumes  greater  delicacy ;  it  should  be  full  of  sugges- 
tiveness  and  guidance  to  develop  the  rejisoning  faculties  and  guard 
again.st  their  inaccurate  or  desultory  action.  Training,  or  the  forma- 
tion of  habits,  is  a  very  different  process,  and  one,  the  importance  of 
which  is  not,  I  think,  fully  appreciate<l.  The  frequent  rej)etition  of 
any  action  not  only  enables  one  to  do  it  easily  but  also  to  do  it  auto- 
matically. Muscular  action  is  largely  automatic.  When  one  sli[)s  he 
throws  out  his  arms  to  keep  himself  from  falling;  this  is  not  instinct, 
it  is  habit.  If  he  had  to  consider  every  time  he  lost  his  balance  how 
he  should  restore  the  centre  of  gravity  within  the  base,  he  would  have 
many  a  fall  which  he  now  avoids.  We  admire  the  accuracy  and  pre- 
cision with  which  a  blacksmith  wields  a  sledge,  or  the  dexterity  of 
hand  of  the  accomplished  musician  which  transmutes  the  printed  page 
into  melody,  or  the  prompt  and  graceful  evolutions  of  soldiers  at  the 
word  of  command  : — all  this  muscular  exertion  is  done  with  scarely 
any  expenditure  of  nerve  force. 

The  mind,  too,  can  be  trained  to  think  and   act   in  defined  channels 
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with  ^reat  saving  of  power.  Consider  for  a  moment,  how  specially- 
trained  men  look  upon  any  object  or  incident.  A  jewel  may  be 
simply  a  thing  of  beauty  to  the  ordinary  observer,  but  to  the  miner- 
alogist it  is  a  crystal  having  a  certain  color,  hardness,  specific  gravity, 
etc.  So  does  a  botanist  classify  a  flower,  or  a  geologist  a  fossil.  In 
like  manner  in  the  recital  of  an  incident,  say  a  railroad  accident;  an 
engineer  will  at  once  think  of  the  cause,  a  physician  of  the  injured,  a 
lawyer  of  the  damages.  These  thoughts  arise  automatically,  and  are 
the  results  of  training.  The  saving  of  vital  energy  which  this  train- 
ing effects  is  one  of  the  great  economies  of  life. 

The  process  of  growing  old  consists  in  the  ossification  of  thought 
and  action  into  habit.  It  is  obviously  the  duty  of  a  teacher  to  have 
an  oversight  over  the  mental  habits  that  his  pupils  are  forming.  A 
fact  or  a  law  mislearned  can  be  corrected  without  much  harm  being 
done,  but  slovenly  habits  of  thought,  the  substitution  of  guessing  for 
proving,  incomplete  experimenting  with  the  multiplication  of  factors 
of  ignorance — these  are  practices  which,  when  confirmed  into  habits, 
can  with  difficulty  be  eradicated. 

Morally,  habit  is  a  very  good  practical  substitute  for  purpose,  and  it 
may  be  said,  in  passing,  that  moral  teachers  too  often  overlook  the  good 
that  could  be  accomplished  in  training  in  right  thinking  and  acting. 
It  is  not  an  altogether  Utopian  notion  that  one,  for  instance,  could  form 
the  habit  of  telling  the  truth,  which  would  serve  him  in  good  stead 
and  save  his  moral  nature  from  many  an  embarrassment. 

If  I  mistake  not,  the  principal  work  of  a  technical  school  should  be 
the  training  of  young  men  in  accurate  habits  of  thinking  and  working. 
Without  this  training  the  graduate  is  slow  to  adapt  himself  to  new 
situations.  The  student  who  has  been  put  through  a  routine  course  of 
study,  abounding  in  the  use  of  text-books  and  in  the  solving  of  many 
problems,  may  be  fairly  informed  as  to  the  condition  of  his  profession 
and  may  have  acquired  good  habits  of  study,  and  yet  be  unfit  for  prac- 
tical work  which  involves  principles  which  he  has  not  learned.  The 
proper  training  cannot  be  given  in  the  class  room,  but  must  be  obtained 
in  laboratories. 

And  this  is  the  thought  to  which  I  wish  to  give  prominence  :  that 
the  centre  around  which  should  cluster  all  the  teaching  of  a  technical 
school  should  be  physical  and  chemical  laboratories,  and  that  the  ruling- 
idea  of  the  school  should  be  experiment  and  research.     The  time  has 
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now  fully  come  for  technical  schools  to  take  this  advanced  position  in 
the  scientific  training  of  engineers  and  metallurgists. 

The  development  of  the  school  out  of  the  shop  has  been  so  gradual 
that  it  is  somewhat  difficult  to  realize  that  the  differentiation  is  now 
complete,  and  that  the  methods  which  are  adapted  for  industrial  schools 
do  not  fit  the  professional  school.  There  are  those  who  regret  the 
widening  of  the  gap  between  head-work  and  hand-work,  but  this 
regret  comes  from  a  misunderstanding  of  the  situation.  Technical  schools 
are  not  intended  to  teach  a  young  man  to  puddle  iron,  to  lay  rails,  or 
clean  castings, — useful  work,  indeed,  which  he  cim  readily  learn  before 
he  enters  the  school  or  after  he  leaves  it.  We  should  not  declare  his 
education  imperfect  or  worthless  because  he  cannot  handle  a  rabble  or 
chisel. 

A  great  difficulty  in  teaching  a  growing  science  is  that  what  is  taught 
to-day  may  be  obsolete  to-morrow.  One  who  has  spent  four  or  five 
yeai^s  in  a  technical  school  will  realize  this  when  he  gets  into  actual 
practice.  Ought  there  not,  therefore,  to  be  a  .system  of  teaching  which 
shall  recognize  this  growth  and  be  adapted  to  it?  To  this  it  may  be 
objected  that  the  worst  possible  preparation  for  actual  work  would  be 
to  give  the  student  the  notion  of  the  general  instability  of  things,  and 
that  he  must  be  on  the  look-out  for  the  latest  novelties  in  his  profes- 
sion. But  we  need  not  render  unstable  the  attitude  of  a  student  by 
showing  him  that  the  ground  on  which  he  stands  moves,  and  that  he 
will  be  left  behind  if  he  does  not  move  with  it. 

It  has  been  said  (to  change  the  metaphor)  that  a  teacher  should  be 
abreast  of  the  current  of  thought  in  his  profession.  The  figure  is 
fortunately  chosen  in  that  it  enables  us  to  point  out  a  grave  mistake. 
He  should  not  be  abreast  of  the  current,  he  should  be  in  it,  irresistibly 
borne  on  its  surface  and  adding  by  his  weight  to  its  momentum.  It  is 
the  introduction  of  the  stuflent  into  this  (iurrent  that  should  form  the 
principal  work  of  the  teacher.  The  majority  of  .students  and  workers 
never  get  into  it.  This  may  be  tlie  fault  of  the  teacher,  or  it  may  be 
that  the  student  is  timid  and  prefers  to  keep  up  with  the  current  by 
running  along  its  borders.  A  few  succeed  in  the  attempt,  but  the 
majority  give  up  the  tiresome  race  and  stand  and  see  the  stream  go  by. 
The  figure  illustrates  the  j)rocess  of  acfpiiring  knowledge  from  books 
or  practice  alone — a  })roce.ss  not  without  value  to  those  who.se  imagina- 
tive and  questioning  faculties  are  undeveloped,  and  whu  prefer  to  take 
their  facts  at  second-hand.      liut  no  teacher  should  be  .satisfied  to  let  a 
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student  take  this  stand  until  he  is  convinced  that  he  has  not  the  ability 
and  aptitude  for  original  work.  The  life  of  the  collector  is  a  narrower 
one  than  that  of  the  discoverer,  and  the  teacher's  duty  is  to  show  the 
more  excellent  way. 

What  process  of  teaching  will  put  the  student  into  synchronous 
motion  with  the  science  that  he  is  studying  ?  Again,  I  reply,  the 
training  of  experimental  laboratories.  This  training  cannot  begin 
too  soon,  it  cannot  last  too  long.  No  special  preparation  is  needed  for 
it  other  than  a  little  preliminary  practice  in  the  use  of  apparatus  and 
methods.  The  student  should  live  in  the  atmosphere  of  investigation. 
There  should  be  no  separation  of  beginners,  advanced  pupils  and  pro- 
fessors, but  all  should  work  together  as  far  as  possible.  No  teacher  is 
primarily  interested  in  teaching  who  does  not  like  to  have  students 
about  him  when  he  is  experimenting.  By  this  association  of  workers 
there  is  a  manifold  advantage,  for  each  one  can  follow  in  a  general  way 
the  work  of  his  neighbors  and  profit  likewise  by  their  experience. 

The  student  should  feel  as  soon  he  enters  a  technical  school  that  it  is  a 
laboratory  of  research  and  that  he  is  one  of  the  M^orkers.  Much  patient 
plodding  is  yet  before  him  in  studying  text-books  and  showing  he 
understands  w^hat  he  has  learned  by  recitation  ;  but  his  study  is  no 
longer  drudgery,  for  he  sees  immediately  its  application.  I  often 
wonder  at  the  patience  of  youth  who  devote  years  of  their  life  to 
school-room  work  with  quiet  faith  that  their  studies  will  sometime 
have  practical  use,  and  who  cherish  perhaps  a  furtive  hope  that  they 
may  live  to  discover  a  new  and  interesting  fact.  I  wonder,  too,  at 
teadhers  who  think  that  a  student  must  not  too  soon  get  a  notion  of 
his  own  powers  lest  he  should  become  unmanageable  through  over- 
confidence.  What  would  we  think  of  a  system  of  studying  botany 
which  shut  up  the  student  for  years  within  four  walls  where  he  could 
not  see  a  green  thing,  and  supplied  him  only  with  dry  specimens  and 
pictures  of  flowers  and  trees,  for  fear  that  a  glimpse  of  nature's  wealth 
of  growing  forms  might  lead  him  away  from  their  systematic  study  ? 
The  comparison  is  scarcely  overdrawn.  In  many  schools  chemical 
laboratory-work  is  regarded  as  a  preliminary  practice  for  useful  work 
hereafter.  A  certain  number  of  substances — simple  salts,  mixtures 
more  or  less  complicated,  rocks  and  minerals  are  given  to  the  student 
to  work  on,  and  his  only  interest  is  to  get  the  correct  result,  as  a  boy 
ciphers  his  sum  towards  the  answer  given  in  the  book.  Such  work  is 
depressing  and  of  the  nature  of  a  task,  and  it  is  scarcely  a  matter  of 
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surprise  to  find,  in  ca.ses  where  there  is  an  unsuspicious  teacher,  that 
the  work  is  slighted  and  the  results  taken  directly  from  a  key  which 
the  students  of  one  class  thoughtfully  pass  down  to  their  successors. 
The  proposition  to  give  to  the  beginner  some  interest  in  his  work,  in 
the  nature  of  an  original  investigation,  which  would  yield  results 
having  value  in  themselves,  is  one,  I  fear,  which  the  ordinary  student 
would  receive  with  surprise,  and  one  which  many  a  teacher  would 
consider  a  sure  method  of  leading  a  student  away  from  the  sober 
studies  he  came  to  school  to  pursue.  Those  who  thus  reason  don't 
understand  the  proposition,  or  they  have  never  tried  the  experiment. 
It  is  not  proposed  that  a  student  should  neglect  to  acquaint  himself 
with  the  fundamental  principles  of  the  science  he  is  studying  in  his 
endeavor  to  get  new  facts.  No  more  harmful  suggestion  could  be 
made  than  this,  that  the  object  of  one's  studies  is  principally  to  dis- 
cover something.  There  are  plenty  of  people  doing  just  this  thing — 
shiftless,  unprofitable  workers,  always  on  the  verge  of  a  great  discovery 
which  is  to  revolutionize  things  generally. 

In  the  system  proposed  the  development  of  this  class  of  discoverers 
is  impossible.  Xo  one  knows  the  value  of  a  fact  like  him  who  has 
secured  one  for  himself — isolated  it,  weighed  it,  measured  it ;  and  no 
one  knows  and  feels  the  harmony,  and  beauty,  and  power  in  a  law  like 
him  who  has  collected  many  facts  and  seen  them  crystallize  into  trans- 
parent truth.  No  one  is  less  likely  to  be  led  into  error  than  he  who 
has  been  trained  to  prove  all  things  and  to  hold  fast  that  which  is 
true. 

The  notion  has  considerable  prevalence  that  discoveries  in  physical 
science  come  in  the  nature  of  revelations,  through  specially  inspired 
channels.  I  doubt  if  many  students  of  engineering  and  chemistry 
look  forward  to  a  career  of  investigation  and  discovery,  unless  they 
should  have  a  kind  of  ''call  "  to  the  work.  And  yet  if  we  go  into 
any  chemist's  or  physicist's  laboratory  we  can  hear  of  thousands  of 
unsolved  problems  which  are  merely  waiting  for  patient,  thoiiglitful, 
trained  workers. 

It  should  be  the  chief  object  of  the  technical  .school  to  give  this 
training.  It  belongs  in  the  school  and  can  be  better  given  there  than 
elsewhere.  The  probability  that  a  student  will  ever  have  the  oppor- 
tunity to  get  this  training  after  he  leaves  the  .school  is  very  small. 
Practice  he  will  get  enough  of,  but  the  ability  thoroughly  to  investi- 
gate .stiitements  and  processes  does  not  come  with  the  daily  practice  of 
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an  art.  It  is  not  merely  the  skilled  hand  and  quick  eye  that  is  needed, 
it  is  the  trained  mind  which  not  only  gets  at  the  truth  but  shakes  off 
error. 

This  process  is  often  spoken  of,  figuratively,  as  questioning  nature, 
who  always  replies  promptly  and  clearly  and  without  hesitation  or 
reserve.  How  is  it  then  that  so  many  of  her  answers  appear  enig- 
matical and  confusing  ?  Simply  because  the  question  is  not  properly 
put.  To  continue  the  figure — investigation  may  be  called  the  art  of 
putting  questions ;  and  this  art  very  few  people  possess  even  though 
they  may  be  endowed  with  a  prying  inquisitiveness.  Nature  is  not  a 
gossip,  does  not  speak  until  spoken  to,  does  not  tell  more  than  is  asked 
of  her.  But  it  is  a  process,  I  insist,  that  can  be  taught,  and  it  is  much 
better  that  one  should  learn  it  properly  than  depend  on  the  chance  of 
picking  it  up.  Things  which  are  picked  up  are  generally  imperfect  or 
rusty. 

While  the  object  of  the  method  we  are  advocating  for  technical 
schools  is  not  primarily  the  discovery  of  facts,  but  rather  the  training 
which  this  method  of  investigation  gives,  yet  it  will  be  admitted  that 
a  large  part  of  modern  engineering  or  metallurgical  practice  is  based 
on  facts  discovered  in  physical  and  chemical  laboratories. 

Let  us  look  for  a  moment  at  that  greatest  of  all  modern  inventions 
— the  Bessemer  process — an  invention  which  has  made  travel  safer  and 
more  rapid,  and  cheapened  all  the  necessaries  of  life.  There  never 
was  a  great  discovery  which  was  made  known  by  its  author  in  a  more 
perfect  and  complete  form  than  this ;  and  yet  for  some  time  after  it 
was  in  successful  use  very  little  was  known  of  the  chemical  nature  of 
the  process.  But  the  chemists  were  soon  busily  engaged  with  it,  and  the 
work  which  has  been  devoted  to  the  explanation  of  the  process  the 
world  over  would  fill  many  a  ponderous  volume. 

Without  this  work  the  process  would  have  made  but  slow  progress, 
for  unguided  experiment  would  have  been  long  in  discovering  what 
irons  could  be  used  and  what  irons  could  not.  Chemical  analysis  soon 
was  able  to  prescribe  a  formula  for  the  pig  iron  adapted  to  the  process 
and  to  predict  just  how  each  iron  would  behave.  So  completely  is  the 
process  now  understood  that  the  softest  iron  and  the  hardest  steel  can 
be  made  by  it  at  will.  But  the  chemists  did  not  stop  here.  Phos- 
phorus was  the  element  which  had  given  the  most  annoyance  in  the 
process,  and  for  a  time  it  seemed  definitely  proved  that  only  the  pure 
ores — those  free  or  almost  free  from  phosphorus — could  ever  be  used 
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in  the  process.  But  the  chemist  is  fertile  in  resources  and  a  tireless 
worker,  and  to-day  we  have  a  variation  of  the  Bessemer  process,  which 
ranks  as  a  new  industry,  and  the  corner-stone  of  the  process  is  phos- 
phorus. I  know  of  no  more  interesting  chapter  in  iron  metallurgy 
than  that  which  traces  the  development  of  this  "  basic  process,"  or  one 
which  better  illustrates  the  value  of  chemical  investigation  in  indus- 
trial operations.  This  is  but  one  instance.  Chemical  analysis  is  now 
indispensable  in  all  metallurgical  operations,  and,  in  fact,  the  chemist's 
work  is  at  the  foundation  of  all  trade  and  commerce. 

The  physical  laboratory  should  command  our  attention  equally  with 
the  chemical.  Here  is  studied  the  relation  of  the  molecular  structure 
of  metals  to  strains,  heat,  electricity,  etc.,  and  when  the  results  obtained 
in  the  physical  laboratory  are  correlated  with  those  from  the  chemical 
laboratory  we  have  the  necessaiy  data  to  guide  us  in  the  preparation 
of  the  metals.  There  is  no  doubt  that  the  time  will  come,  and  many 
of  us  will  live  to  see  it,  when  iron  and  steel  will  be  made  on  a  formula 
like  a  physician's  prescrij^tion.  We  are  not  quite  ready  for  it  yet,  for 
there  are  too  many  iniknown  quantities  entering  into  the  problem. 
When  the  schools  establish  laboratories  for  research  the  necessary  facts 
will  soon  be  forthcoming,  and  our  amazement  will  be  great  that  we 
groped  so  long  in  the  dark  when  the  light  was  .so  near  at  hand. 

The  physical  work  on  iron  and  steel  which  has  been  done  in  the 
present  generation  is  enormous,  and  much  of  it  has  been  work  which 
could  have  been  done  in  the  physical  laboratories  of  technical  schools. 
Recall  the  knowledge  we  now  have  of  the  properties  of  hard  and  soft 
steel,  of  the  effect  of  punching,  hammering,  and  other  mechanical 
treatment,  of  the  fatigue  and  wear  of  metals,  and  of  their  adaptation 
to  special  u.ses. 

We  might  talk  by  the  hour  of  the  subjects  which  could  be  advan- 
tageously and  appropriately  investigatetl  in  the  school  laboratories,  in 
electricity,  pneumatics,  hydraulics,  etc.,  but  enough  has  been  .said  to 
indicate  that  laboratory  research  lies  at  the  basis  of  all  ])rogre.ss  in  the 
arts. 

To  resume.  Tiie  ideal  technical  school  is  (me  which  is  entirely 
distinct  from  the  indu.strial  school  and  is  thoroughly  professional  in  its 
character.  (Qualification  for  admi.'jsion  should  be  a  j)reliminary  course 
in  college  or  .scientific  school,  or  its  equivalent,  and  the  student  should 
at  once  begin  work  in  the  laboratories.  His  work  should  have  the 
double  object  of  giving   him   practice  in  manipulation  and  an  insight 
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into  the  methods  of  research.  He  should  be  interested  in  the  results 
obtained,  which  he  should  regard  as  positive  contributions  to  accurate 
knowledge,  even  though  they  should  be  negative  with  respect  to  the 
particular  investigation. 

I  know  of  no  work  of  a  teacher  Avhich  requires  more  delicacy, 
firmness,  and  sympathy  than  guiding  a  student  in  work  of  this  kind. 
Class  teaching  is  here  out  of  the  question,  and  the  pupil  must  get  his 
inspiration  directly  from  the  master.  He  may  have  to  encourage  by 
practical  help  those  who  are  disappointed  in  the  results  of  their  work 
or  who  grow  weary  in  waiting.  He  may  have  to  discourage  those  who 
are  over-confident  and  hasty  in  anticipating  results  by  allowing  them  to 
go  astray  until  they  find  themselves  hopelessly  involved  in  difficulties. 
He  must  watch  carefully  the  mental  attitude  of  the  student  to  find  out 
whether  he  is  striving  to  prove  a  theory  or  whether  he  is  simply 
desirous  of  discovering  the  truth.  It  is  a  grand  work  for  one  who  is 
fitted  for  it  and  whose  life  is  given  to  it.  No  teacher  in  other  depart- 
ments sees  so  quickly  the  result  of  his  training  or  is  so  sure  of  his 
reward. 

The  desire  of  many  teachers  to  bring  their  pupils  to  their  own 
standard  induces  them  to  lead  the  students  over  the  ground  which  they 
themselves  have  gone.  This  is  clearly  a  faulty  method.  A  wise  in- 
structor ^\\\\  take  a  student  quickly  through  the  past  so  as  to  enable 
him  to  understand  the  present,  but  he  will  not  let  the  student  linger 
too  long.  We  would  not  undervalue  the  work  of  the  historian,  but 
we  would  not  have  this  work  supersede  the  process  of  making  history. 
The  collection  of  knowledge  and  its  systematic  arrangement  is  valua- 
ble w^ork,  but  it  must  soon  come  to  an  end  if  knowledge  does  not 
increase. 

Technical  schools  should  also  offer  opportunity  for  their  graduates  to 
continue  their  work.  Fellowships  should  be  founded  to  encourage 
graduates  to  remain  in  the  school  and  aid  in  the  work  of  instruction, 
for  the  system  advocated  necessitates  a  large  number  of  teachers  and 
overseers.  Provisions  should  also  be  made  for  the  temporary  accom- 
modation of  experts  who  wish  to  make  special  investigations.  Busy 
practitioners  are  seldom  able  to  have  well-appointed  laboratories  of 
their  own,  and  would  rejoice  if  the  chance  w-ere  offered  them  of  work- 
ing in  those  of  the  school. 

Will  it  be  said  that  this  scheme  savors  more  of  a  school  of  pure 
science  than  of  science  applied  to  the  arts  ?     Far  from  it ;  it  is  intended 
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to  be  inten.sely  practical.  It  i.s  impossible  to  draw  any  sharp  line  be- 
tween pure  and  applied  st-ience,  for  the  science  which  is  abstract  to-day 
may  be  embodied  in  a  patent  to-morrow.  Modern  electrical  practice 
had  its  rise  in  Franklin's  kite-flying  and  Galvani's  diversions  with 
frogs.  The  methods  of  experimentation  are  the  same  in  both,  but  a 
wise  teacher  will  confine  a  student's  work  to  those  subjects  which  have 
an  obvious  bearing  on  the  practical  arts. 

The  ignorance  of  the  graduates  of  technical  schools  of  the  simplest 
practical  procedures  in  industrial  works  has  often  exposed  them  to 
ridicule,  and  many  schools,  in  consequence,  have  added  work-shops 
and  furnaces  and  engines  to  their  equipment  to  give  the  students  a 
general  idea  of  machines  and  tools  l)efore  sending  them  forth  to  work. 
This  combined  course  of  study  and  practice  has  earnest  advocates  among 
those  who  have  tried  it.  And  yet  these  school-shops  and  school-fur- 
naces would  never,  I  think,  have  lx;en  built  if  it  had  been  understood 
at  the  start  that  the  graduate  did  not  pretend  to  know  anything  about 
the  routine  of  the  shop,  and  that  he  expected  to  learn  his  trade  like 
anv  one  else.  Playing  practice  is  not  only  useless — it  is  hurtful.  If 
the  student  enters  the  works  with  mere  book  knowledge  he  spends  con- 
siderable time  in  trying  to  see  the  bearing  of  his  studies  on  the  prac- 
tice of  the  art.  If  left  to  his  own  resources  it  is  about  an  even  chance 
whether  he  succeds  in  this  attempt  or  gets  discouraged  with  practice 
(and  perhaps  takes  up  teaching),  or  throws  aside  his  books  and  regrets 
the  time  he  spent  over  them.  The  saying  that  one  must  unlearn,  when 
he  begins  to  work,  all  that  he  learned  in  the  schools  has  done  much 
harm,  but  there  are  not  a  few  practical  illustrations  of  the  saying.  One 
might  as  well  say  that  arithmetic  was  all  very  well  in  a  .school,  but  for 
good,  .square,  accurate  calculation  a  man  had  better  confine  him.self  to 
counting  on  his  fingers  or  notching  a  stick.  He  who  begins  work  with 
some  preliminar}'  training  in  the  school-shop  has,  it  is  true,  a  better 
start,  and  there  is  perhaps  less  likelihood  of  his  Ixjing  di.scouragetl  by 
unfamiliar  surroundings. 

Verv  difterent  is  it  with  him  who  enters  the  mill  or  machine-shop 
after  a  long  experience  in  physical  and  chemical  research.  His  trained 
mind  and  senses  detect  relations  and  incongruities  of  which  another 
would  not  be  conscious.  He  has  already  learnetl  to  trust  his  own  ob- 
servation and  judgment  and  to  know  their  limitations.  If  a  process 
is  imperfect  he  quickly  decides  in  what  direction  investigation  is  needed  ; 
he  loses  no  time  in  fruitless  experiment ;  he  knows  when  he  has  enough 
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facts  to  form  a  theory  of  causation  and  when  he  has  enough  to  deter- 
mine definitely  the  cause.  He  is  not  misled  by  apparent  economies ; 
he  is  not  satisfied  until  he  knows  the  precise  efficiency  of  a  machine ;  he 
gives  "  undetermined  elements"  no  chance  to  play  important  roles, for  he 
convinces  himself  of  their  presence  or  absence.  Far  from  this  train- 
ing in  investigation  making  him  an  impracticable  theorist,  he  is  fairly 
hungry  for  facts.  It  makes  little  diiference  to  him  whether  or  not  he 
ever  handled  a  steam  engine  in  the  school  or  worked  at  a  lathe ;  this 
is  experience  which  he  can  quickly  gain  if  his  inclination  or  duty  calls 
him  to  this  work. 

This  advanced  position  which  we  would  give  to  technical  schools 
may  render  it  desirable  that  the  industrial  or  shop-schools  should  be 
multiplied.  At  all  events,  it  is  well  to  maintain  that  there  are  schools 
— call  them  by  which  name  you  will — which  give  the  higher  profes- 
sional training  in  practical  science  as  distinguished  from  shop-training. 
Let  him  who  will  fit  himself  for  a  master  mechanic  get  his  training  in 
the  industrial  or  shop-school,  and  him  who  wishes  to  be  an  engineer 
get  his  training  in  a  teclmical  or  professional  school,  but  let  neither 
one  complain  that  he  did  not  get  in  one  school  the  kind  of  train- 
ing peculiar  to  the  other.  Fortunate  is  the  man  who  has  the  time  and 
means  and  desire  to  go  through  both  these  schools. 

The  equipment  of  a  school  of  research  will  naturally  consist  mainly 
in  apparatus  designed  for  special  investigation.  There  will  be,  of 
course,  the  usual  apparatus  for  accurate  measuring  and  weighing  in 
the  routine  processes  of  physics  and  chemistry,  but  there  will  constantly 
arise  the  necessity  for  the  construction  of  special  apparatus,  and  this 
is  in  itself  a  great  assistance  in  the  training  of  students,  who  not  un- 
frequently  get  the  idea  that  the  bright  apparatus  which  fills  the  cases 
of  college  collections  are  the  working  tools  or  machines  of  the  physi- 
cist, when  they  are  merely  his  apparatus  of  illustration. 

An  investigating  mind  never  grows  old.  We  speak  often  of  old- 
fashioned  engineers,  men  not  "  up  to  the  times,"  men  who  distrust 
modern  ideas  and  hold  to  the  methods  of  a  past  generation.  These 
men  were  "  up  to  the  times  "  once,  but  because  they  simply  learned  the 
practice  of  their  day  and  failed  to  catch  the  spirit  of  its  growth,  have 
been  left  behind  as  practice  advanced.  There  is  no  danger  that  the 
student  trained  in  research  will  ever  get  "behind  the  times."  It 
should  not  be  the  aim  of  any  teaching  to  put  old  heads  on  young 
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shoulders,  but  rather  to  keep  young  the  lieads  which  rest  on  old  shoul- 
ders. 

We  can  well  understand  the  anxiety  of  the  painstaking  teacher  who 
wishes  to  give  his  pupils  as  large  an  outfit  of  useful  facts  as  possi- 
ble; and  yet  if  we  reflect  on  the  immense  accumulation  of  facts  in 
practical  science,  what  does  it  matter  Avhether  the  student  gets  a  few 
more  or  less  when  the  time  of  acquiring  these  facts  might  be  devoted 
to  learning  the  methods  by  which  these  facts  were  discovered  ?  It 
would  be  poor  policy  to  devote  time  to  the  practice  of  forging  nails 
one  by  one,  instead  of  becoming  familiar  with  a  machine  which  makes 
them  by  thousands. 

It  cannot  fairly  be  said  that  the  development  of  technical  schools 
into  schools  of  research  woidd  remove  them  farther  from  practice  of 
the  arts  which  they  were  instituted  to  foster.  It  is  true  there  has  been 
a  break  between  the  works  and  the  school,  but  the  gap  has  widened 
only  to  be  narrowed  again  in  the  formation  of  a  new  and  closer  union. 
To  make  this  union  more  complete  the  schools  should  be  prepared  to 
undertake  practical  investigations  for  the  works.  It  is  fitting  that  the 
schools  should  undertake  such  investigation  for  the  professors  are 
trained  to  the  work  and  devote  their  lives  to  it.  Many  of  the  experi- 
ments made  at  works  are  imperfect,  incomplete,  or  even  inaccurate, 
because  the  person  in  charge  of  them  does  not  know  how  to  go  about 
this  kind  of  work,  or  is  busy  with  other  things. 

The  condition  under  which  the  school  should  undertake  investiga- 
tions for  the  works  are : 

1st.  The  subject  should  give  fair  promise  of  developing  new  and 
valuable  information. 

2d.  This  information,  when  obtained,  should  be  published  by  the 
school. 

8d.  There  should  be  no  charge  for  the  service. 

If  the  schools  did  reliable  work  there  would  be  no  lack  of  material 
for  investigation,  and  it  would  not  be  long  before  the  supposed  benefit 
derived  from  business  secrets  Avould  disappear  in  the  general  diffusion 
of  information. 

Spontaneous  evolution  develops  both  useful  and  worthless  variations  ; 
natural  selection  determines  the  survival  of  the  fittest  of  them.  Evo- 
lution by  design,  limits  the  production  of  useless  forms  and  is  thus 
more  economical  of  power  and  time.  Empirical  development  in  the 
arts  may  aptly  be  compared  with  spontaneous  evolution,  while  scien- 
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tific  research  controls  and  guides  the  development.  The  technical  school 
should  be  a  centre  of  evolution  by  design. 

Engineers  have  in  late  years  implored  Congress  on  behalf  of  science, 
on  behalf  of  the  welfare  of  fifty  millions  of  people,  to  establish  a  board 
for  testing,  on  a  large  scale,  iron,  and  steel,  and  other  materials  of  con- 
struction, that  our  buildings  may  be  more  secure,  our  bridges  safer, 
and  our  boilers  less  liable  to  explode.  After  a  brief  and  useful  career 
the  first  United  States  Board  expired,  and  no  favorable  legislation  has 
been  obtained  to  revive  it.  The  general  arguments  urged  in  favor  of 
the  government  undertaking  this  work,  are  that  the  outlay  necessary 
would  be  more  than  most  individuals  or  corporations  could  afford,  and 
that  business  interests  would  prevent  a  combination  of  manufacturers 
for  the  sake  of  so  beneficent  an  object. 

Is  it  too  much  to  expect  that  some  friend  of  the  higher  technical 
training  will  be  found  to  endow  a  testing  department  in  a  technical 
school  ?  This  is  the  proper  place  for  accurate  experiment,  for  here  we 
have  the  men  trained  to  the  work.  Removed  from  all  the  disturbing 
elements  of  trade,  from  the  influence  of  politics,  and  from  the  jealousies 
of  engineers,  the  testing  department  of  a  technical  school  could,  by 
reason  of  its  permanence  and  independence,  do  work  which  would  find 
universal  acceptance.  I  think  the  suggestion  worth  the  consideration 
of  the  Alumni  of  Lehigh  University. 

I  have  sketched  what  I  regard  an  ideal  technical  school.  But  the 
sketch  is  only  the  embodiment  of  tendencies  plainly  to  be  observed  in 
our  most  advanced  schools.  The  course  which  Lehigh  University  has 
always  pursued  in  maintaining  a  high  standard  of  scholarship,  the 
w^ork  of  research  of  her  instructors  and  students,  the  increase  in  her 
great  library  and  the  extension  of  her  laboratories,  indicate  that  she  is 
advancing  steadily  and  surely  towards  the  realization  of  this  idea — that 
technical  schools  should  be  an  assemblage  of  workers  in  experimental 
science. 

What,  it  may  well  be  asked,  is  the  meaning,  and  what  is  to  be  the 
result  of  all  this  restless  activity  in  the  arts  ?  The  mechanical  engineer 
studies  the  j^henomena  of  combustion,  the  properties  of  vapors,  and 
makes  his  mechanism  more  sensitive  and  accurate  that  less  coal  may  be 
used  to  drive  his  machinery.  He  is  saving  power.  The  chemist 
works  on  the  crude  ores  and  rocks,  and  on  vegetable  and  animal  pro- 
ducts, to  extract  as  completely  as  possible  the  substances  useful  to  man. 
He  is  saving  material.     The  engineer  makes  the  rough  places  smooth, 
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hews  paths  in  the  solid  rock,  and  iiangs  road-ways  in  the  air.  He  is 
saving  time.  Where  does  man  learn  this  lesson  of  economy  ?  Nature 
appears  to  him  as  a  spendthrift,  counting  material  by  worlds,  prodigal 
of  unlimited  power,  and  reckoning  time  as  a  moment  bounded  by  eter- 
nities. Why  does  man  spare  and  store  ?  Is  he  better  or  happier  for 
it  ?  Suffice  it,  in  answer,  to  say  that  he  obeys  an  instinct  of  his  nature 
as  irresistible  as  that  of  self-preservation.  It  is,  in  fact,  for  his  own 
protection  that  he  accumulates  wealth  in  its  various  forms  of  substance, 
power,  and  time.  We  may  not  sit  in  judgment  on  this  instinct  and 
call  it  selfish, — it  is  for  the  use  of  his  wealth  that  man  must  give 
account. 

But  we  surely  cannot  fail  to  recognize  the  progress  that  man  has 
made  in  the  beneficent  use  of  power.  Are  there  not  evidences  on  every 
side  that  many  find  greater  pleasure  in  the  unselfish  use  of  wealth 
than  in  its  acquisition,  and  are  we  not  justified  in  expecting  a  time 
when  man  shall  use  his  power  only  for  good  ? 

But  is  this  restless  activity  never  to  cease?  Are  we  progressing 
towards  a  millennium  when  the  very  earth  shall  tremble  with  the 
workers  in  its  mines,  when  its  surface  shall  be  a  tracery  of  rails  and 
wires,  when  the  roar  and  clatter  of  machinery  shall  deafen  the  ear  and 
the  smoke  of  countless  chimneys  obscure  the  light  of  the  sun?  Is 
there  never  t(j  be  rest  from  toil  ?  It  is  a  short  and  imperfect  vision 
that  thus  divines  the  future.  Each  form  of  po\ver  advances  to  its  own 
extinction  in  giving  birth  io  subtler  forms  of  power.  Each  mechan- 
ism is  in  time  abandoned  to  give  place  to  more  effective  machines. 

Would  you  realize  what  power  man  has  grasped,  go  to  the  forge  and 
watcii  him  as  he,  single-handetl,  directs  the  mighty  hammer  which,  as 
if  half  ashamed  of  its  great  strength,  coaxes  the  yielding  iron  into 
shape ! 

It  scarcely  needs  illustration  to  prove  that  the  tendency  of  material 
progress  is  toward  the  replacing  of  the  mediate  by  immaliate  use  of 
power.  Perhaps  few  of  the  toilers  recognize  this  tendency,  but  the 
more  thoughtful  and  far-seeing  look  ahead  to  the  promised  day  when, 
*'  if  man  shall  say  to  the  mountain,  '  Be  thou  removed  and  l)e  thou 
cast  into  the  sea,'  it  shall  be  done." 

This  kind  of  faith  and  })o\Ner,  we  are  told,  cometh  only  with  patient, 
self-sacrifi(;ing  seeking.  It  is  a  favorite  figure  which  represents  man 
wresting  from  nature  her  secrets  and  treasures  by  dint  of  persistence 
and  prowess.     Nature  is  never  coiKjueral  by  defiance ;  she  surrenders 
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only  to  those  who  first  surrender  to  her.  It  is  the  victory  of  obedience 
which  man  gains  over  nature,  and  it  is  the  patient  seeker  after  the 
truths  which  she  carefully  guards  wlio  is  rewarded  by  her  bounty  and 
whose  commands  she  obeys. 

We  smile  as  we  read  of  the  conquering  hero  of  old,  who,  elated  with 
his  victories  over  man,  commanded  the  waters  of  the  sea  to  obey  him. 
And  yet  we  say  to  the  lightning,  "  take  thou  ray  message  and  carry  it 
to  yon  distant  city ;"  and  scarce  have  we  uttered  our  command  when 
we  hear  the  voice  of  the  fleet  messenger — "  thy  servant  brings  thee 
answer." 

The  tendency  of  both  material  and  spiritual  progress  may  be  summed 
up  in  the  one  word  knowledge,  for  it  is  only  perfect  knowledge  that 
renders  })erfect  goodness  possible.  Is  there  a  nobler  career  for  a  young 
man  to'select  than  one  devoted  to  the  discovery  of  nature's  laws,  and 
their  application  to  the  good  and  happiness  of  man  ?  And  is  not  this 
the  life  of  the  miner,  who  puts  nature's  reserved  wealth  into  circula- 
tion ;  and  that  of  the  chemist,  whose  touch  transmutes  into  value  the 
dust  of  the  earth  ;  and  that  of  the  engineer,  who,  in  annihilating  space, 
makes  one  all  nations  of  the  earth  ? 

It  is  well  for  us  at  times  to  take  our  thoughts  from  our  own  special 
and  partial  work  to  contemplate  a  broader  horizon  which  includes  with 
our  work  the  work  of  others,  and  to  see  the  harmony  which  arises 
from  the  fitting  of  related  truths.  Sometimes  we  think  we  get  a 
glimpse  in  this  harmony  of  a  part  of  a  great  design,  which  makes  our 
souls  long  for  the  time  when  in  the  perfect  knowledge  of  God's  laws, 
we  shall  have  a  revelation  of  His  purpose. 


Radiation  of  Silver  at  the  moment  of  solidifying.— At 

the  International  Electrical  Congress,  in  1881,  J.  Yiolle  proposed  as 
an  absolute  photometric  standard  the  radiation  of  a  square  centimetre 
of  melted  platinum.  Dumas  approved  of  the  proposal,  and  at  his 
invitation  Violle  performed  some  preliminary  experiments  with  silver. 
From  the  moment  when  solidification  begins,  in  contact  with  the  con- 
taining vessel,  until  the  whole  becomes  solidified,  the  radiation  of  the 
liquid  part  remains  constant.  The  constant  portion  of  the  radiation 
is  so  sharply  defined  that  silver  may  furnish  a  secondary  fixed  stand- 
ard, which  will  be  especially  convenient  in  all  the  measurements  of 
spectrophotometry. — Compks  Rendus,  April  9,  1883.  C. 
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MINING  AND  STORING  ICE. 


By  AV.  P.  Blake,  F.G.S.,  New  Haven,  Conn. 

[Read  at  the  Boston  Meeting  of  the  Anierican  Institute  of  Mining  Engineers,  Feb.,  1883. 


We  are  so  familiar  with  water  in  its  liquid  and  it;?  solid  form,  that 
we  seldom  think  of  it  as  a  mineral,  and  still  less  as  a  mineral  product 
of  any  considerable  industrial  importance,  which  in  the  form  of  ice  is 
mined  and  stored  up  in  enormous  quantities  yearly.  The  industry  is 
peculiarly  American,  and  in  no  other  country  has  the  business  of  cut- 
ting and  storing  ice  been  so  well  systematized  and  perfected.  The 
interest  has  grown  steadily  from  year  to  year,  until  it  has  attained  large 
proportions,  the  annual  production  being  counted  in  millions  of  tons, 
requiring  in  the  aggregate,  a  large  investment  of  capital  in  all  the 
Northern  State.<.  It  gives  employment,  al.so,  to  thousands  of  men  and 
horses,  in  the  depth  of  winter,  when  farming  work  cannot  be  carried 
on.  Ice  is  not  only  a  luxury,  but  a  necessity,  in  our  climate,  and  is 
indispen.sable  in  many  manufacturing  operations,  and  finds  constantly 
increasing  applications  and  uses.  As  the  industry  has  grown,  so  the 
necessity  for  suitable  implements  and  tools  has  grown  with  it,  and  it 
has  become  neceasary  to  systematize  and  cheapen  the  methods  of  hand- 
ling such  a  large  amount  of  material  with  rapidity  and  economy. 

As  the  industry  is  properly  a  branch  of  mining,  and  as  our  mining 
literature  does  not,  to  my  knowledge,  contain  any  description  of  the 
methods  and  appliances  used  in  it,  it  seems  desirable  to  place  a  brief 
description  on  record  in  our  TraasadionH,  I  therefore  offer  to  the  In- 
stitute the  following  outline  description,  bjised  partly  upon  observa- 
tions for  several  years  past  of  tiie  methods  and  processes  employed 
and  partly  upon  the  information  obtained  from  prominent  ice-miners 
and  from  the  manufacturers  of  ice-tools.  My  acknowledgments  are 
particularly  due  to  the  firm  of  AV.  T.  Wood  &  Co.,  of  Arlington 
Massachusetts,  for  nmch  information  in  detail,  and  also  to  the  Knicker- 
bocker Ice  Company,  of  Philadelphia.  The  wood-cut  blocks  used  in 
the  illustration  of  this  paper,  have  l)ecn  kindly  lent  by  both  of  these 
firms. 

The  sequence  of  operations  in  getting  ice  is  as  follows : 

1.  Wetting  down  a  light  snow. 

2.  Scraping  off  an  excess  of  snow,  if  present. 


356  Mining  and  Storing  Ice.  [Jour.  Frank.  Inst., 

3.  Marking  out  the  field. 

4.  Ploughing  and  cross-ploughing. 

5.  Cutting  the  channel  and  detaching  large  floes. 

6.  Floating  the  floes  to  the  channel. 

7.  Splitting  off"  long  strips  of  blocks. 

8.  Floating  them  to  the  foot  of  the  elevator. 

9.  Dividing  into  single  blocks. 

10.  Elevating  the  blocks. 

11.  Receiving  the  blocks  at  different  platforms  and  sliding  them 
into  the  houses. 

12.  Storing  the  blocks  in  regular  tiers  iu  the  ice-houses. 


PREPARATION   OF   THE    FIELD. 

To  insure  perfectly  clean  and  pure  ice,  pure,  clean  water  is  the  first 
essential.  Next,  it  is  important  that  all  dust  and  dirt  shall  be  kept 
from  the  surface  of  the  ice  while  it  is  forming  and  during  harvesting. 
These  conditions  are  best  secured  by  a  mantle  of  snow  over  the  coun- 
try which  prevents  dust  from  being  swept  upon  the  ice  by  the  winds 
from  adjoining  roads  and  fields.  But  snow  upon  the  ice  is  undesirable, 
although  when  the  winter  is  open  and  ice  does  not  form  of  sufficient 
thickness  for  economical  harvesting  a  covering  of  snow  may  be  utilized 
by  flooding  or  "  wetting  down,"  as  it  is  termed,  so  as  to  gain  a  greater 
thickness  of  ice.  This  flooding  is  accomplished  by  a  number  of  men 
with  ice-chisels,  who  traverse  the  ice-field  in  parallel  lines  about  six 
feet  apart,  and  punch  holes  through  the  ice  at  intervals  of  six  feet  as 
they  advance.  The  weight  of  the  men  causes  the  ice  to  bend  down- 
wards, and  the  water  rising  through  the  holes  penetrates  and  is  gradu- 
ally absorbed  by  the  snow.  The  action  is  slow,  and  the  snow  is  re- 
duced in  bulk  to  one-third  or  even  one-quarter  of  its  thickness  when 
dry.  The  same  operation  is  sometimes  executed,  not  to  gain  an  in- 
creased thickness  for  harvesting,  but  because  the  ice  may  be  too  thin 
to  permit  the  horses  to  be  used  upon  it;  and  often  because  an  inch  or 
two  of  snow  ice  is  regarded  as  an  advantage  in  protecting  the  clear  ice 
below  it  from  thaws  before  a  good  thickness  for  cutting  is  reached,  and 
also  because  it  makes  the  cakes  of  ice  tougher  and  less  liable  to  break- 
age in  handling.  But  a  full  thickness  of  clear  ice — from  twelve  to 
fifteen  inches — and  without  a  heavy  covering  of  snow  is  the  most 
desirable  form  in  which  the  ice  can  be  had.     This,  however,  is  rare. 
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Probably  such  a  favorable  state  of  the  ice  is  not  realized  oftener  than 
once  in  ten  or  twelve  years. 

After  the  first  light  snow  is  wet  down,  and  before  the  ice  has  fully 
grown  to  the  desired  thickness,  other  snows  may  accumulate,  and  must 
be  removed  before  the  operation  of  marking  out  and  cutting  com- 
mences. 

Light  dry  snow  is  scraped  otf  by  means  of  scrapers  or  scoops,  which 
vary  in  construction  in  different  places,  but  are  arranged  to  be  drawn 
by  horses.  A  'common  form  of  clearing-off  scraper  six  feet  long,  is 
shown  by  the  annexed^figure. 


Clearing-ofl'  .scraper. 

Heavy  snow  requires  a  scraper  formed  like  a  scoop,  so  that  the  snow 
may  be  moved  in  it  to  a  considerable  distance.  The  scoop-scraper  is 
generally  three  feet  wide  and  is  fitted  with  an  iron  or  steel-edge  plate. 
It  is  shaped  as  shown  in  the  figure,  and  besides  the  ordinary  use  for 
cleaning  off  heavy  snow  it  is  ui^ed  to  take  away  the  wind-rows  of  snow 


Scoop-scraper. 

left  by  the  clearing-off  scraper.  On  small  ponds  it  is  necessary  to 
dump  the  snow  on  the  shores,  but  <mi  large  lakes  and  rivers  where 
there  is  an  abundance  of  room  the  snow  is  dumped  at  one  side  out  of 
the  way. 


358 


Mining  and  Storing  Ice. 


[Jour.  Frank.  Inst. 


MARKING    OUT   THE   ICE. 

The  ice  being  cleared  of  snow  the  next  operation  is  marking  out  of 
the  field,  preparatory  to  cutting. 

There  are  various  ways  of  striking  the  first  line.  Some  stretch  a 
line  between  two  pins  set,  say  200  feet  apart,  and  then  follow  this  line 
by  a  "  marker "  carefully  guided  by  the  hand  so  as  to  preserve  a 
straight  line.  Others  use  a  straight  edge  of  plank  fitted  with  sights, 
and  this  is  the  best  method.     Two  stakes  are  first  set  up  in  the  desired 


Hand-plow. 

direction  of  the  first  cutting  and  at  the  side  of  the  field.  These  may 
be  set  500  or  600  feet  asunder.  The  plank  is  then  brought  into  line 
between  the  stakes,  by  means  of  the  sights  set  in  each  end.  A  hand 
plow  is  then  run  close  to  the  edge  of  the  plank  from  end  to  end,  fol- 
lowing it  as  a  ruler  is  followed  by  a  pen  or  a  knife.  When  a  straight 
groove  is  cut  about  half  an  inch  deep,  the  plank  is  moved  one  length 
ahead  and  is  again  brought  into  line  by  the  sight,  and  so  on  the  opera- 
tion is  repeated  until  the  full  length  of  the  line  is  marked  out  by  a 
straight  groove  in  the  ice.  This  is  the  initial  or  base-line  of  the  cut- 
ting, and  it  is  followed  by  a  tool  called  a  ''  marker  "  provided  with  a 
swinging  guide.     The  teeth  of  the  marker  are  placed  in  the  shallow 


Marker,  with  swing  guide. 
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groove  and  ruo  across  tlie  field,  deepening  the  groove  to  three  inches? 
and  leaving  it  -rg-ths  wide.  During  the  progress  of  this  first  cut,  the 
guide  is  either  taken  off  or  is  allowed  to  slide  alongside  on  the  smooth 
ice  with  the  handle  thrown  out  of  the  retain ing-notch,  the  tool  being- 
guided  bv  the  eye  and  hand  of  the  operator,  aided  by  the  groove. 
In  this  manner  one  straight  groove  three  inches  deep  is  made  across 
the  field  at  one  side.  The  guide  is  then  brought  into  use  and  is  swung 
over  the  back  of  the  marker  and  takes  its  place  in  the  groove.  The 
distance  between  the  guide  and  the  teeth  of  the  marker  is  generally  22 
inches.  The  tool  is  then  drawn  back  across  the  field  and  a  second 
groove  is  cut  parallel  to  the  first  and  22  inches  distant.  This  opera- 
tion is  repeated  until  tlie  desired  width  of  field  has  been  traversed  and 
marked  by  the  parallel  grooves.  Although  22  inches  square  is  a 
common  size  of  ice-cakes,  shippers  of  ice  usually  cut  their  ice  44  inches 
square  and  house  it  in  this  form,  cutting  it  up  afterwards  into  22-inch 
cakes  in  the  summer.  When  this  large  size  is  required,  the  guide  is 
set  44  inches  from  the  marker,  and  the  field  is  then  marked  off  in  half 
the  time  required  for  22-inch  marking.* 

The  cross-jjrooves  are  next  cut  in  a  similar  manner.  Care  must  be 
taken  to  secure  a  right-angled  intersection  of  the  front  cross-groove 
with  the  others.  This  result  is  usually  secured  by  a  large  wooden 
square,  placed  on  the  ice  with  one  edge  laid  along  the  first  groove, 
while  sighting  along  the  other  edge  to  get  the  position  of  the  stake. 
A  better  method  would  be  to  use  a  line  and  strike  two  curves  as  in 
draughting,  so  as  to  strike  a  perpendicular.  W\t\\  two  marking  tools 
the  two  systems  of  lines  can  be  run  simultaneously,  and  much  time 
may  be  gained. 

I'LouGiiiN*;  Tin-:  (juooves. 
The  next  tool  brought  into  use  is  the  ice-plow,  by  wiiich  the  grooves 


8-inch  plow — 8  teeth. 


*  For  further  observation  ou  tln'  size  of  the  blocks,  see  infra  pp.  365-366. 
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made  by  the  markers  are  cut  to  the  required  depth,  generally  to  about 
two-thirds  the  total  thickuess  of  the  ice. 

The  ice-plow  is  a  very  important  instrument  and  has  finally  reached 
a  highly  perfected  form,  as  the  result  of  many  years  of  experience  and 
effort.  Its  invention  and  first  manufacture  dates  back  as  early  as 
about  the  year  1839,  and  it  has  now  generally  superseded  the  use  of 
the  saw  and  the  axe  for  cutting  ice. 

The  form  and  construction  are  indicated  by  the  figure.  It  consist* 
of  a  succession  of  curved,  blade-like  teeth,  attached  to  a  long  beam 
with  interspaces  in  the  teeth  for  the  escape  of  the  ice  chips.  These 
teeth  are  now  so  formed  as  to  clear  themselves  and  carry  the  chips 
neatly  out  of  the  groove  with  little  resistance.  In  noting  the  progres- 
sive improvement  of  ice-plows,  I  cannot  do  better  than  to  quote  from 
the  description  given  by  Messrs.  W.  T.  Wood  cS;;  Co.,  of  Arlington, 
Massachusetts,  where  the  manufacture  of  ice-tools  was  established  in 
1834.  ''The  plough  was  first  made  with  wooden  beams  and  with 
iron  teeth,  steeled  and  widened  or  upset  at  the  point  only.  Next,  iron 
beams  of  equal  width  were  substituted  for  the  w^ooden  ones.  Then 
followed  various  alterations,  such  as  flanging  the  teeth  the  entire  face 
so  as  to  carry  out  the  chips ;  making  one  beam  wider  than  the  other, 
to  give  room  for  the  chips  on  one  side ;  cutting  out  chip-spaces  in  the 
narrow  beam,  thus  allowing  the  chips  to  shoot  out  freely  from  between 
its  teeth  and  permitting  the  plough  to  run  to  its  full  depth ;  cutting 
out  the  bottom  of  the  teeth,  leaving  only  the  heel  and  point  to  be 
fitted  ;  making  the  best  ploughs  of  steel  teeth  instead  of  iron  and  steel ; 
improving  the  curve  of  the  teeth  ;  increasing  the  degree  of  finish,  etc., 
etc."  "  Amongst  some  of  the  further  experiments  referred  to  may  be 
mentioned,  double-markers,  combination  plane  and  marker,  teeth 
shaped  like  a  lumber-marker,  slanted  back  so  as  to  draw  through  the 
ice,  plows  with  sixteen  teeth,  gouge-pointed  teeth,  teeth  with  grooved 
spaces,  called  the  lateral-cut,  and  many  others." 

A  well-equipped  ice  company  is  provided  with  a  full  set  of  plows 
made  to  cut  to  different  depths,  so  that  one  size  may  be  used  to  follow 
another.  There  .should  be  one  6-inch  nine-toothed  plow,  one  8-inch, 
eight-toothed,  one  10-inch  and  one  12-inch  plow,  and  all  of  them 
used  simultaneously,  each  following  the  other  in  the  order  of  the  depth 
of  tooth.  Each  plow  cuts  about  two  inches  at  a  run,  and  by  having 
a  full  set  and  using  them  in  sequence  as  described,  a  field  of  ice  can 
be  grooved  much  faster  tl)an  where  one  plough  has  to  do  all  the  work. 
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CUTTING    A    CHANNEL. 

While  the  jiloughing  is  in  progress,  or  before,  a  channel  is  cut 
through  the  ice  between  the  cutting  ground  and  the  incline  or  elevator, 
by  which  the  blocks  of  ice  are  raised  and  delivered  to  the  ice-houses. 
This  channel  is  cut  by  plows  which  are  allowed  to  cut  nearly  through 
the  ice.  The  grooves  so  made  are  followed  by  saws,  which  complete 
the  separation.  A  narrow  strip  of  ice  is  thus  cut  free  from  the  sur- 
rounding surface,  and  is  then  pressed  down  and  under  the  main  ice 
sheet,  and  a  wider  strip  can  then  be  cut  loose  and  sunk,  or  harvested 
if  suitable. 

The  channel  being  opened,  and  the  elevators  in  readiness,  the  next 
operation  is  to  detacii  large  floes  of  the  grooved  ice  and  float  them 
towards  the  elevator.  This  is  accomplished  by  first  sawing  in  the 
grooves  across  the  ends  of  the  block  or  "  float "  desired.  Such  a  float, 
if  there  is  sufficient  space,  may  be  100  feet  or  more  in  length,  large 
enough  to  sustain  the  weight  of  several  men.  It  is  common  to  cut 
them  seven  or  eight  cakes  (of  44  inches  square)  wide,  and  ten  or 
twelve  cakes  long.  The  sawing  is  done  at  right  angles  with  the  open 
water-space  into  which  the  floes  are  to  be  forced ;  there  is  thus  but 
one  long  side  to  be  detached,  and  this  is  split  off"  the  main  body  by 
"  breaking- bars,"    broad    wedge-shaped    chisels.     It    is   sufficient    for 


Breaking-bar. 

workmen  to  follow  along  one  of  the  grooves  and  to  plunge  this  broad 
wedge  into  it  at  intervals  with  considerable  force  ;  a  crack  is  thus 
started  and  can  be  followed  up  and  extended  the  full  length  of  the 
floe.  When  the  separation  is  complete,  the  mass  slowly  floats  away 
into  the  open  space,  and  is  directed  through  it  to  the  channel  by  the 
workmen  with  long  ice-hooks,  or  by  lines  extending  to  the  firm  ice 
around  the  open  space. 

The  floe  is  then  to  be  divided  up  into  long  strips,  by  means  of  fork- 
bars;  three  men  striking  together  in  the  same  seam  at  intervals  until 
the  strips  are  detached.  These  may  be  one  or  two  cakes  wide,  accord- 
ing to  the  elevator,  either  single  or  double.  These  long  strips  are  then 
floated  into  a  narrow  channel  leading  up  to  the  foot  of  the  elevator, 
and  a.<5  they  ])ass  along,  one  or  two  men  stationed  at  the  side  of  the 
canal  on  a  plank  platform,  separate  the  cakes  by  striking  lightly  in  the 
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transverse  grooves  with  a  "  canal-chisel,"  a  tool  six  feet  long,  with  a 
hollow  handle  to  secure  lightness. 


Canal-chisel. 

The  whole  of  this  series  of  operations,  together  with  the  arrange- 
ment of  the  elevators  and  ice-houses,  are  well  shown  by  the  wood-cut 
for  which  I  am  indebted  to  the  courtesy  of  the  Knickerbocker  Ice 
Company  of  Philadelphia. 

ELEVATION    OF    THE    ICE. 

The  ice  is  lifted  from  the  water  by  steam-power  high  enough  to  be 
distributed  on  ways,  by  sliding,  into  any  part  of  the  ice-house.  The 
apparatus  generally  used  is  an  endless-chain  M'orking  on  an  inclined 
plane,  the  lower  end  of  which  dips  below  the  surface  of  the  water. 
The  chain  is  double,  consisting  of  two  single  chains  side  by  side  and 
about  five  feet  apart,  for  44-inch  cakes,  with  wooden  cross-bars  con- 
necting the  chains  at  intervals  of  6  feet.  Large,  open,  rectangular 
spaces  or  links  are  thus  formed  large  enough  to  admit  a  cake  of  ice 
between  the  bars,  which  extend  across  between  the  two  strings  of  the 
chain. 

The  ice-cakes,  as  they  are  separated  from  the  long  strips  in  the 
channel,  are  pushed  forward  to  the  foot  of  the  inclined  plane  over 
which  this  chain  is  moving,  and  being  caught  by  the  cross  bars  are 
carried  along  up  the  incline,  each  link  or  space  on  the  chain  taking 
one  cake  and  depositing  it  at  the  first  opening  made  in  the  floor  of  the 
incline,  the  cakes  dropping  through  upon  the  platform  of  a  second 
incline  or  guide-way  with  a  gentle  descent  in  the  opposite  direction, 
leading  into  the  building.  A  series  of  such  platforms  and  guideways 
is  requisite.  They  are  built  one  above  another,  about  six  feet  apart, 
until  the  upper  one  will  deliver  the  ice  to  the  highest  point,  or  layer, 
to  be  filled  in  the  building.  The  lowest  comes  first  into  use,  and  the 
others  in  succession,  as  the  building  fills  up  with  ice.  Usually  four 
runs  are  sufficient.  When  there  are  several  ice-houses  placed  side  by 
side,  the  "guide-ways  or  runs  are  made  to  pass  the  doors  of  all  the 
houses,  and  the  ice  can  be  turned  at  pleasure  into  any  of  the  houses. 

The  construction  of  an  overshot  inclined  plane  elevator  and  endless 
chain  is  shown  on   the  accompanying  cut,  showing  also  the  driving 
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pulley  and  gearing.  It  is  arranged  with  a  stairway  alongside  the  chain 
for  the  convenience  of  the  workmen.  Six  phitform-runs  are  shown, 
the  lowest  one  only  being  prolonged  to  the  icc-liouse. 


The  elevator-chain  is  moved  by  steam  j)ower.     'J'ii«'  s[)ecd  varies  at 
diflcrent  places  and  under  diflerent  conditions.     Tiie  highest  rate  of 
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movement  brought  to  my  knowledge  was  obtained  on  one  chain  (with 
five-feet  spaces  for  44-inch  cakes  and  the  cross-bars  six  feet  apart) 
where  50  blocks  were  raised  to  the  minute,  each  block  being  44  inches 
■square  and  15  inches  tliiek  and  weighing  fully  1,000  pounds  each. 
This  lifting  was  thus  at  the  rate  of  25  tons  a  minute  or  1,500  tons  per 
hour. 

To  receive  and  stow  away  such  an  enormous  supply,  it  is  necessary 
to  have  at  least  twelve  doors  or  houses  to  deliver  into.  Two  men  are 
stationed  at  each  door,  and  as  the  cakes  of  ice  sliding  down  the  guide- 
way  pass  the  door-way,  the  men  select  the  cake  due  their  door  and  pull 
it  in  by  means  of  ice-hooks  upon  a  branch  guide-way  or  run  leading 
into  the  building.  When  once  landed  upon  the  floor  of  ice  already 
laid  down  in  the  house,  the  men  stationed  there  receive  the  blocks  and 
slide  them  into  their  proper  places,  side  by  side  and  tier  after  tier.  To 
facilitate  storage  in  large  houses,  movable  slides  and  switches  are  used 
to  guide  the  cakes  of  ice  to  different  parts  of  the  building,  thus  saving 
time  and  labor. 

Another  form  of  apparatus  for  lifting  the  ice  has  been  invented,  and 
is  recommended  by  the  Knickerbocker  Ice  Company  of  Philadelphia. 
It  consists  of  a  revolving  vertical  sj)iral  platform,  a  screw  elevator, 
which  takes  up  cakes  of  ice  from  the  water  and  delivers  them  at  any 
required  height  to  the  runs  leading  into  the  ice-house. 

The  grade  of  ice-runs  is  an  important  matter.  If  too  steep  the  ice 
will  move  with  great  velocity,  and  be  more  or  less  broken  up ;  if  too 
slight,  there  will  be  a  loss  of  time  and  labor.  With  ice  ten  inches 
thick  and  upwards,  the  grade  may  be  f  of  an  inch  to  the  foot,  and  if 
less  than  ten  inches  thick,  the  grade  may  be  |  of  an  inch  to  the  foot. 
In  warm  weather  the  ice  does  not  run  as  freely  as  when  it  is  cold,  and 
the  ice  is  dry. 

ICE-HOT'SES    AND   STORINCJ. 

The  most  improved  ice-houses  are  now  built  100  or  150  feet  long 
and  40  feet  wide.  This  width  is  found  in  practice  to  be  tlie  most  con- 
venient, so  much  so  that  even  if  a  large  house  is  built  under  one  roof, 
it  is  divided  up  inside  into  apartments  from  36  to  40  feet  M'ide,  for 
when  the  ice  slides  down  the  centre-line  of  the  house  on  the  run,  it  is 
conveniently  near  either  side,  so  that  on  reaching  the  end  of  the  run 
(made  in  ten-foot  sections)  it  is  easily  directed  or  "  shunted "  to  the 
place  it  is  needed  to  fill. 
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In  storing,  the  cakes  are  placed  so  as  to  leave  a  3-inch  space  all 
around  them  to  prevent  undue  wasting  when  they  are  broken  out  in 
the  summer  season  for  delivery.     It  therefore  becomes  necessary  to 


break  joints  every  few  tiers  as  they  are  laid  up,  by  lapping  the  cakes 
over  in  such  a  wav  that  the  Joints  are  covered.     In  Maine  it  has  been 
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the  custom  to  cut  the  cakes  of  ice  44  x  22,  thus  giving  a  rectangular 
block,  with  whicii  it  is  easy  to  break  joints  in  packing.  It  is  now, 
however,  becoming  common  on  the  Kennebec  to  cut  the  blocks  22  x  32, 
known  as  the  "  New  York  size ;"  22  x  22  is  rather  too  small,  and 
22  X  44  is  too  large.  Some  cut  the  blocks  22  x  30  and  also  22  x  28, 
but  all  for  shipping. 

PLANINC;. 

The  ice-field  when  covered  with  porous  snow-ice  to  any  great  depth, 
must  be  planed  off,  the  snowvice  being  too  hard  to  yield  to  the  scrapers. 
The  operation  is  performed  in  the  following  manner:  After  the 
marker-grooves  have  been  made  and  at  a  distance  not  exceeding  22 
inches,  a  machine  called  the  snow-ice  plane,  constructed  as  shown  in 
the  figure,  is  used.  The  sides  of  this  plane  are  22  inches  apart  and 
are  fitted  to  run  in  the  grooves  made  by  the  marker.  If  drawn  by 
two  horses  as  much  as  three  inches  can  be  taken  off'  at  once.  If  more 
snow-ice  than  this  must  be  removed  the  plane  must  be  run  over  the 
surface  a  second  time.     The  shavings  or  chips  from  the  first  planing 


Snow-ice  plane. 

must  be  removed  by  scrapers.  This  is  often  a  disagreeable  operation, 
as  the  chips  are  flat  and  sharp  and  often  cut  the  horses'  legs  and  are 
difficult  to  pile  up,  especially  when  the  weather  is  cold.  The  opera- 
tion of  planing  is  always  avoided  if  possible. 


COST   OF   CUTTING    AND    STORING    ICE. 

The  cost  of  cutting  ice  and  packing  it  away  in  the  ice-house  varies 
greatly,  according  to  the  varying  conditions  and  the  perfection  of  the 
arrangements  and  the  skillful  use  of  all  the  appliances.  With  an 
unlimited  supply  of  good  ice,  say  10  to  12  inches  thick,  the  cost  may 
be  as  low  as  12  cents  per  ton.    At  an  ice-house  where  some  10,000  tons 
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were  harvested  during  the  past  winter  the  cost  was  estimated  at  15  cents 
per  ton.     The  average  cost  is  nearer  25  cents. 

When  the  crop  is  abundant  it  is  not  unusual  for  the  owners  of"  the 
plant  for  filling  large  ice-houses  after  the  houses  arc  filled,  to  continue 
cutting  for  the  benefit  of  persons  who  wish  to  fill  private  ice-houses. 
This  is  practiced  near  some  of  the  populous  cities  and  villages  within 
carting  distance  from  the  lake  or  river.  Ice,  the  past  winter,  was  sold 
in  this  manner  at  Lake  Whitney,  two  miles  from  New  Haven,  at  40 
cents  per  ton  on  the  platform  by  the  roadside  ready  to  load  into  wagons. 
The  cost  of  carting  to  the  city  was  from  50  cents  to  GO  cents  per  ton, 
being  more  than  the  cutting  and  raising  the  ice  to  the  platform. 


wasta(;e  and  loss. 

But  the  first  cost  of  the  ice,  as  stored  away  in  the  ice-houses,  is  not 
a  just  basis  of  an  estimate  of  its  final  cost  to  the  ice-dealer  when  it 
leaves  his  hands  and  passes  into  those  of  the  consumer. 

The  loss  in  weight  of  ice  by  melting,  evaporation,  and  breakage  is 
very  great,  and  is  an  important  item  in  the  business,  for  although  ico 
may  be  gathered  and  housed  at  an  apparent  trifling  cost,  only  a  frac- 
tional part  of  the  quantity  harvested  is  utilized.  One  dealer,  who  puts 
up  some  10,000  tons  yearly,  estimates  the  wastage  at  25  per  cent,  by 
melting  in  the  houses  during  the  season,  25  per  cent,  in  taking  out  and 
carting,  and  of  the  remaining  one-half  there  is  often  a  loss  of  33  per 
cent,  in  retail  vending,  or  a  total  wastage  of  four-sixths  of  the  entire 
amount  stored.  This  is  probably  a  large  estimate.  Others  place  the 
loss  by  melting  from 'the  close  of  winter  to  the  end  of  the  season  at  25 
per  cent.,  and  an  additional  loss  of  25  per  cent,  to  30  per  cent,  in 
carting  and  delivering  to  consumers. 


('HIEF    CENTRK   OF    ICE    INDUSTRY. 

It  is  estimated  that  the  consumption  of  ice  in  the  city  of  New  York 
is  upwards  of  700,000  tons  annually,  with  an  annual  increa.se  of  15 
per  cent.  There  are  fifteen  or  more  ice  comi)anies,  besides  small  dealers 
who  buy  of  the  large  companies.  The  manufacture  of  artificial  ice 
does  not  appear  to  affect  the  demand  for  the  naturally-formed  article. 

The  Upper  Hudson  is  a  great  source  of  ice  for  the  New  York  market. 
Those  who  travel  between  New  York  and  Albany,  either  by  boat  or  by 
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rail,  cannot  fail  to  notice  the  many  large  ice-houses  which  crowd  the 
banks  in  some  places  from  Troy  and  Albany  as  far  down  as  Rhiuebeck, 
Rondout,  and  Kingston.  The  river  not  only  yields  the  product,  but 
in  summer  gives  it  cheap  transportation. 

The  conditions  for  the  ice  industry  are  thus  exceptionably  favorable. 
Full  statistics  for  the  present  year*  show  that  there  are  nearly  two 
hundred  ice-houses  along  the  river,  with  a  storage  capacity  of  from 
500  tons  to  60,000  tons  each.  The  total  amount  harvested  this  year 
is  not  less  than  3,000,000  tons, — one  of  the  largest  harvests  of  ice 
ever  gathered  along  the  river.  The  ice-crop  for  the  past  six  winters 
has  been  as  follows  : 

Year.  Harvested  Tons. 

1878 2,408,500 

1879 2,061,500 

1880 150,000 

1881 2,500,000 

1882 2,000,000 

1883 3,000,000 

A  considerable  part  of  this  ice  was  from  eight  to  ten  inches  thick, 
and  some  of  it  was  fourteen  inches  thick.  The  harvest  commenced  as 
early  as  December  8th,  but  a  thaw  interrupted  the  work,  and  it  was 
not  actively  resumed  until  January  8th,  1883,  and  the  principal  houses 
were  filled  within  the  next  thirty  days. 

A  favorable  winter  for  ice  on  the  Hudson  and  an  abundant  harvest, 
makes  it  less  desirable  to  lay  in  a  heavy  store  at  the  ice-houses  in  Maine. 
On  the  other  hand,  an  unfavorable  season  in  New  York  is  advantageous 
to  the  more  northern  dealers. 

The  Kennebec  River  in  Maine  is  also  a  favorite  region  for  harvest- 
ing ice.  It  has  the  advantage  of  rigorous  winters  and  the  crops  rarely 
fail.  The  deep  inlets  and  ponds  give  easy  access  to  vessels  and  cheap 
transportation  to  domestic  and  foreign  markets.  Several  of  the  prin- 
cipal ice  companies  of  New  York,  Philadelphia,  Baltimore,  and  Wash- 
ington have  large  ice-houses  along  the  stream  and  secure  a  supply  there 
when  the  winter  fails  to  give  the  required  crop  nearer  to  their  consumers 
The  greater  part  of  the  Kennebec,  from  Bath  and  "Woolwich  up  to  the 
dam  at  Augusta,  is  marked  oiF  to  different  ice  dealers  and  is  dotted  with 
ice-houses.  A  map  of  this  region,  with  a  full  list  of  the  companies 
and  firms  engaged  in  the  ice  business,  and  statistics  of  the  production 

*  Published  by  the  Albany  Evening  Journal,  January,  1883. 
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of  ice  in  Maine,  i.s  published  annually  by  Mr.  A.  G.  Chase,  of  Gardiner, 
Maine,  Considerable  quantities  of  ice  are  gathered  along  the  Penobscot, 
the  Cathance  River,  and  along  the  coast,  as  will  be  seen  by  the  annexed 
summary  for  the  years  1882  and  1883.* 

Locality.                                   Year  1882.  Year  188:?. 

Kennebec 1,029,201)  931,900 

Penobscot 1-46,000  112,000 

Cathance 39,000  22,700 

Coast 349,000  297,900 

Total,  tons 1,563,200  1,364,500 

The  falling  off  is  attributable  to  the  abundant  harvest  on  the  Hudson 
and  at  other  points. 

Besides  these  main  centres  of  the  ice  industry,  ice-houses  are  scat- 
tered over  the  interior  of  the  New  England  and  Northern  States,  and 
full  statistics  of  the  annual  ice  production  are  not  readily  attainable. 
At  New  Haven,  Conn.,  for  example,  the  main  supply  is  from  Whitney 
Lake,  where  10,500  tons  were  harvested  this  winter,  and  from  Lake 
Saltonstall. 

Upon  the  Pacific  Coast  ice  for  the  San  Francisco  market  is  harvested 
in  Alaska,  partly  at  Sitka  and  partly  at  Kodiak,  the  winter  at  Sitka 
often  not  being  sufficiently  severe  to  make  thick  ice. 

The  ice  interest  of  the  country  is  sufficient  to  sustain  a  monthly  paper 
devoted  to  the  ice  trade.t  It  is  publishetl  by  the  Knickerbocker  Ice 
Company  of  Philadelphia.  This  company  is  organized  on  a  basis  of 
81,500,000  capital.  It  has  250  delivery  wagons  and  employs  800 
persons.  The  total  annual  ice-crop  of  the  United  States  is  estimated 
at  20,000,000  tons,  and  the  consumption  12,000,000  tons,  the  difference 
being  waste. 

Phases  of  Electric  Vibrations. — A.  Oberbeck  publishes  inves- 
tigation.s  which  lead  to  the  following  law:  If  electric  waves,  which  are 
synchronous,  but  have  different  pha.scs,  flow  through  the  fixed  and  the 
movable  roll  of  an  electro-dynamometer,  the  deviation  of  the  movable 
roll  is  proportional  to  the  product  of  the  maximum  intensity  and  the 
cosine  of  the  difference  of  ])hase. — Aiw.  der  P/iys.  u.  Choi}.,  Nov. 
1882.  C. 

*  Figures  for  1882  from  Chase's  map,  and  for  1883  from  the  Ice  Trade  JournaL 
t  Ice  Trade  Journal,  Philadelphia. 
Whole  No.  Vol.  CXVI.— (Third  Series,  Vol.  Ixxxvi.)  24 
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APPARATUS  FOR  ESTIMATING  CARBON  IN  STEELS. 


By  Addisox  B.  Clemence,  Worcester,  Mass. 


A  description  of  the  apparatus  in  use  at  the  works  of  the  Washburn 
&  Moen  Manufacturing  Company,  of  this  city,  will,  I  think,  be  of 
interest  to  those  who  desire  an  accurate  method  for  the  estimation  of 
carbon  in  steels.  The  apparatus  has  been  in  use  in  the  works  for  the 
past  three  months,  and  has  given  entire  satisfaction. 

The  method  of  filtering  carbon  on  to  asbestos  in  a  glass  funnel,  dry- 
ing, transferring  to  a  porcelain  tube,  and  burning  in  a  stream  of 
oxygen  gas,  is  accurate  if  all  the  carbon  can  be  separated  from  the 
sides  of  the  funnel,  which  in  some  cases  is  almost  impossible. 

Again,  the  method  of  filtering  on  to  asbestos  in  a  platinum  tube  or 
boat-shaped  apparatus,  and  putting  all  in  a  porcelain  tube  and  burn- 
ing as  before,  has  also  been  used,  and  of  course  is  less  liable  to  error. 

My  aim  has  been  to  do  away  entirely  with  the  porcelain  tube  and 
combustion  furnace,  and  to  filter  and  burn  in  the  same  tube. 

The  sketch  shows  the  form  of  apparatus  I  have  adopted,  being 
made  of  platinum. 


-V^' ^, :, \ii^ 


X. 


The  following  is  the  process  I  use :  Dissolve  from  3  to  5  grams 
steel  borings  in  double  chloride  copper  and  ammonium,  using  36 
grams  of  the  salt  to  120  cc.  water  for  3  grams  of  steel. 

After  the  separated  copper  has  completely  dissolved,  filter  on  to  a 
plug  of  ignited  asbestos  placed  at  (6),  and  wash  thoroughly  with  hot 
water.  Any  carbon  that  adheres  to  the  sides  of  the  tube  may  be 
swept  down  with  moistened^asbestos. 

The  tube  is  then  placed  in  an  air-bath  and  dried  at  a  temperature  of 
150°  to  175°C.  for  about  one  hour.  A  hard  rubber  cork,  through 
which  is  a  glass  tube,  is  inserted  at  (c),  the  oxygen  gas  passing  from 
(c)  to  (a).  Around  the  tube  at  (c)  is  a  single  thickness  of  filter  paper, 
about  two  inches  wide,  kept  wet  by  a  stream  of  water  supplied  from  a 
reservoir  on  a  shelf  above. 

Heat  is  applied  at  (6)  for  one-half  hour,  at  the  end  of  which  time 
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the  potash  bulb  is  ready  for  the  balance.  One  Bunsen  burner  is  suffi- 
cient for  the  combustion. 

The  same  precautions  are  taken  to  dry  the  gas  before  entering  the 
platinum  tube,  as  "svell  as  before  entering  the  potash  bulb,  as  in  the 
case  in  the  porcelain  tube  method. 

Six  burners  of  a  combustion  furnace  will  consume  14  feet  gas  in 
one-half  hour,  while  one  Bunsen  burner  will  consume  2  feet  in  the 
same  time 

The  following  table  shows  some  results  obtained  by  the  "  platinum 
tube  "  j)rocess : 

A  is  a  Swedish  Bessemer,  with  •  1 0  per  cent,  of  carbon ; 

B  an  American  Bessemer,  with  "18  per  cent.,  and 

C  an  American  Bessemer,  with  "50  per  cent.,  ail  obtained  by  the 
"  porcelain  tube  "  process. 


;       1 

A.   1   B.     C. 

1 

•09 

•18 

•49 

2 

•10 

•18 

•51 

3.... 

•10 

•16 

•49 

4."- 

•10 

•17 

•44 

Note. — If  pure,  closely-woven  asbestos  cloth  can  be  obtained,  I  see 
no  reason  why  with  two  potash  bulbs,  twelve  combustions  may  not  be 
made  in  one  day,  for  each  filter  with  its  contents  may,  when  dried,  be 
put  in  the  platinum  tube  and  burned. 

Worcester,  September,  1883. 


Incombustible  Paper.— G.  Meyer  has  submitted  to  the  Soci6t6 
d'Encouragement  specimens  of  incombustible  paper  and  card  board. 
The  base  of  the  paper  is  amianthus ;  but  it  was  ncces.sary  also  to  invent 
inks  which  .should  be  both  indelible  and  incombustible  and  which 
could  be  employed  in  writing,  printing,  lithographing,  etc.  One  of 
his  lithographs  when  placed  between  two  layers  of  melted  glass  re- 
sisted the  action  of  heat.  It  remained  uninjured  and  the  engraving 
preserved  all  its  sliarpness. — Chron.  Indusfr.,  March  25,  1883,      C. 
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AN  ELECTRIC  SIGNAL  CLOCK. 

[Report  of  the  Committee  on  Science  and  the  Arts.] 


Hall  of  the  Franklin  Institute, 

Philadelphia,  September  5,  188S. 

The  Committee  of  the  Electrical  Section  of  the  Franklin  Institute 
of  the  State  of  Pennsylvania,  to  which  was  referred  for  examination 
Blodgett  Bros.,  of  Boston,  Electric  Signal  Clock,  report  that  they 
have  examined  the  invention,  and  find  its  purpose  and  construction 
substantially  to  be  as  follows  : 

The  instrument  is  designed — 1st.  To  give  any  kind  of  fixed  signals 
at  any  regular  or  irregular  intervals,  and  especially,  2d.  To  cause  the 
striking  of  warning  and  departure  signals  for  railway  trains  or  street 
cars,  according  to  the  time  table  in  use.  In  general,  it  is  intended 
for  all  purposes  where  any  sort  of  time  signals  is  required. 
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In  the  following,  we  give  the  peculiar  features  and  manner  of  ope- 
ration of  the  instrument. 

An  electro-magnet  is  connected  by  wires  to  a  standard  clock,  which 
closes  an  electric  circuit  once  every  minute.  T])is  magnet,  by  means  of 
a  lever  and  a  pawl,  rottites  a  ratchet-wheel  of  sixty  teeth  one  step  each 
minute.  The  wheel  is  rigidly  attached  to  the  axis  of  a  vertical  cylin- 
der fourteen  inches  high,  and  six  inches  in  diameter,  which  revolves 
with  it,  and  therefore  makes  a  complete  revolution  once  in  an  hour. 
The  cylinder  has  two  divisions,  each  of  which  is  provided  with  a  hole 
for  every  minute  of  twenty-four  hours,  or  1,440  holes  in  all,  arranged 
in  a  single  spiral. 

A  toothed  wheel  on  the  axis  of  this  cylinder,  gearing  into  another 
of  equal  size,  imparts  its  motion  to  a  coarse-threaded  screw,  which 
raises,  at  a  rate  uniform  with  the  movement  of  the  cylinder,  a  small 
sleeve  or  follower,  consisting  of  a  short  lever  with  two  arms,  the  for- 
ward end  of  which  passes  very  near  to  the  surface  of  the  cylinder. 
The  rear  end  of  this  lever  is  forked,  and  gives  a  lateral  movement  to 
an  elongated  crank,  and  also,  by  means  presently  to  be  described,  to  a 
vertical  rocking  shaft,  bearing  at  its  upper  end  a  horizontal  bar,  adapted 
alternately  to  engage  with  and  relcjise  stop  pins  of  a  circuit  wheel. 

Whenever  the  vertical  shaft  is  slightly  rotated,  the  circuit  wheel 
(which  is  driven  by  a  spring  clock  movement)  is  released,  and  moves 
on  a  short  distance. 

For  railroad  purposes,  two  signals  are  usually  required  for  every 
train ;  a  warning  or  preliminary  signal,  which  precedes  the  other  by 
an  interval  of  from  two  to  five  miimtes,  and  a  final  or  departure  signal, 
sounded  at  the  exact  moment  when  the  train  should  start.  To  effect 
this  operation,  short  pins  are  inserted  into  the  holes  of  the  cylinder, 
which  correspond  in  location  to  the  times  of  all  the  warning  and 
departure  signals.  The  lower  division  is  arranged  according  to  the 
week-day  time-table,  and  the  upper  one  according  to  the  Sunday  time- 
table. The  follower  jia.sses  over  every  hole  in  the  cylinder  once  in 
twenty-four  lionrs.  When,  in  the  course  of  its  travei*se,  it  comes  in 
contact  with  the  first  of  tlie  two  pins  for  any  train,  the  end  is  moved  away 
from  the  cylinder  a  short  distance,  and  by  a  small  rotation  of  the  ver- 
tical shaft,  deflects  the  horizontal  bar  far  enough  to  allow  a  pin  to  pass, 
and  thereby  .set  the  circuit  wheel  of  the  clockwork  in  moticm.  This 
wheel  has  upon  its  circumference  a  series  of  projections  or  pins,  which, 
when  tiic  wheel  revolve.*,  come  in  contact  with  a  fixed  spring.     The 
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projections  and  spring  close  an  electric  circuit  through  the  signal  bells 
a  certain  number  of  times,  depending  on  the  signal  to  be  given. 
When  the  follower  comes  in  contact  with  the  pin  denoting  the  time  of 
the  second  or  departure  signal,  the  operation  is  repeated,  except  that 
there  are  a  different  number  of  projections  on  the  circuit  wheel,  and 
so  a  different  number  of  strokes  upon  the  bells,  corresponding  to  the 
distinctive  character  of  the  final  signal.  When  the  time  of  the  next 
train  approaches,  the  same  movements  are  repeated,  and  so  on  through 
the  entire  day.  At  midnight  the  follower  has  completed  its  traverse 
of  all  the  holes  in  the  cylinder,  and  it  is  then  automatically  detached 
from  the  screw  by  a  cam,  and  falls  freely  to  its  position  opposite  the 
first  hole  in  the  series,  where  it  becomes  again  attached  to  the  screw, 
and  begins  a  new  day. 

A  second  follower,  also  connected  with  the  elongated  crank,  moves 
in  like  manner  over  the  upper  part  of  the  cylinder ;  but  it  cannot  put 
in  motion  the  striking  mechanism  during  a  week-day.  On  Sunday, 
however,  it  is  rendered  operative,  and  the  lower  one  inoperative,  in 
the  following  manner  :  Each  of  the  elongated  cranks,  before  described, 
is  attached  to  a  sleeve,  fitting  loosely  on  the  rod,  carrying  the  horizon- 
tal detent  bar.  It  communicates  its  motion  to  this  rod  by  means  of  a 
slot  in  the  sleeve,  engaging  with  a  pin,  running  transversely  through 
the  middle  of  the  rod,  in  such  a  manner  that  a  slight  movement  down- 
ward of  both  sleeves,  will  disengage  the  lower  one  from  the  rod,  and 
the  pin  will  engage  with  a  slot  in  the  upper  sleeve,  which  can  then 
rotate  the  rod  and  detent  bar,  against  which  the  stop-pins  rest ;  while 
now  the  lower  one  turns  freely  about  the  rod,  without  affecting  the 
mechanism  in  any  way. 

The  weight  of  the  sleeves  is  carried  by  a  cam  attached  to  a  ratchet 
wheel  of  seven  teeth,  which  revolves  around  the  vertical  rod.  In  the 
descent  of  the  follower  at  midnight  of  each  day,  it  moves  this  seven- 
toothed  ratchet  wheel  and  cam  forward  one  space. 

One-seventh  of  the  circumference  of  the  cam  is  depressed  considerably 
below  the  level  of  the  remainder,  which  is  horizontal.  The  sleeves  are 
supported  by  a  pin,  which  during  six  days  of  the  week  rides  upon  the 
horizontal  surface  of  the  cam  ;  but  at  midnight,  Saturday,  it  falls  into 
the  depression,  lowering  the  sleeves,  and  thereby  disconnects  the  lower 
one  from  the  vertical  rod  and  bar,  which  control  the  striking  mechanism, 
and  engages  the  upper  one.  For  this  day,  then,  the  pins  in  the  upper 
division,  corresponding  to  the  Sunday  time-table,  operate  the  signal 
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bells,  and  those  for  the  week-days  have  uo  effect.  With  the  next  trans- 
fer of  the  follower  at  midnight,  Sunday,  the  pin  is  lifted  out  of  the 
depression  of  the  cam,  and  the  week-day  time-table  is  resumed. 

These  operations  are  repeated  week  after  week,  requiring  no  other 
attention  than  the  winding  of  the  spring  of  the  clock  movement 
which  drives  the  circuit  wheel,  once  a  week,  or  at  longer  intervals, 
according  to  the  number  of  trains. 

There  are  some  peculiar  features  to  be  noticed  about  this  machine. 
Instead  of  the  usual  arrangement  of  a  stationary  magnet  and  a  mova- 
ble armature,  the  magnet  which  rotates  the  cylinder  is  pivoted  on  a 
vertical  axis  near  the  base  of  the  coils  of  the  magnet  (which  are  in  a 
vertical  plane),  and  the  armature  is  stationary.  Both  have  curved 
surfaces,  which  are  arranged  eccentrically  to  each  otlier,  in  such  a  man- 
ner that  the  movement  of  the  magnet,  when  the  current  passes,  brings 
it  constantly  nearer  to,  but  never  in  contact  with  the  armature.  Its 
path  is  limited  by  a  stop.  When  the  electric  circuit  through  the  coils 
of  the  magnet  is  broken,  a  repelling  spring  returns  it  to  its  first  posi- 
tion. The  cylinder  is  prevented  from  moving  backward  by  a  fixed 
pawl  engaging  with  the  teeth  of  the  ratchet  wheel ;  and  from  going 
more  tiian  one  space  at  a  time,  by  a  wedge-shapeil  projection  on  the 
pawl  which  rotates  the  cylinder,  coming  in  contact  with  a  stop  at  each 
movement,  and  preventing  further  motion  of  the  wheel. 

The  operation  of  changing  the  time-table  for  a  new  schedule,  con- 
sists simply  in  removing  the  pin.s,  which  are  screwed  into  the  cylinder, 
and  placing  them  in  new  holes.  The  holes  are  numbered  for  every 
five  minutes,  to  facilitate  this  operation.  The  number  of  signal  .strokes 
may  also  be  easily  changed  for  a  different  number  of  blows  in  the 
series,  by  simply  substituting  for  the  circuit  wheel  another  with  a  dif- 
ferent number  of  projections.  Three  or  more  blows  may  be  given  for 
each  train  instead  of  two,  by  proper  arrangement  of  the  projections  on 
the  circuit  wheel^  and  corresponding  limits  of  motion  by  the  stop 
pins. 

The  instrument  has  no  parts  that  are  easily  deranged,  nor  are  its 
adjustments  difficult  to  be  made. 

The  wear  is  very  slight,  and  the  parts  are  all  accessible  for  repairs, 
should  any  such  be  necessary. 

Believing  that  Blodgett's  Electric  Signal  Clock  is  not  only  an  inven- 
tion that  will  answer  the  purpose  it  is  designed  for,  accurately  and 
effectively,  but   that  it  also  .solves  some  coni2)lex  mechanical  problems 
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simply  and  ingeniously,  we  recommend  that  Blodgett  Bros,  receive  the 
award  of  the  Scott  Legacy  Medal  and  Premium. 
Approved,  September  5,  1883. 

H.  R.  Heyl, 

Chairman  Committee  Science  and  the  Arts, 

Attest :  William  H.  Wahl, 

Secretai-y. 
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The  Watchmakers'  Handbook.  By  Claudius  Saunier.  Intended 
as  a  Workshop  Companion  for  those  who  are  engaged  in  Watch- 
making and  the  Allied  Mechanical  Arts.  English  edition.  Trans- 
lated, revised  and  considerably  augmented  by  Julien  Tripplin  and 
Edward  Rigg,  M.A.  IlKistrated  by  numerous  wood  blocks  and  cop- 
per plates.  Loudon  :  J.  Tripplin,  5  Bartlett's  buildings ;  and  at  the 
office  of  "The  Watchmaker,  Jeweller  and  Silversmith,"  11  Saint 
Bride  street.     1882. 

In  the  Preface  of  this  book  the  author  makes  the  following  asser- 
tion, Avhich  is  strictly  correct :  "  In  recent  years  the  work  of  ordinary 
watch-jobbers  and  repairers  has  undergone  considerable  change.  The 
apprenticeship  he  serves,  if  indeed  it  can  be  called  a  real  apprentice- 
ship, is  shorter  than  formerly.  The  immense  number  of  badly  con- 
structed watches  he  is  called  upon  to  put  in  going  order  for  a  trifling 
remuneration  compels  him  to  replace  the  older  methods  of  procedure 
by  others  whenever  by  so  doing  time  can  be  saved."  And  we  agree 
with  him  when  he  further  says  "  that  from  this  point  of  view  the 
value  of  the  present  Handbook  can  hardly  be  over-estimated,  since 
it  contains,  in  readily  accessible  form,  many  details  as  to  the  working 
of  metals  and  descriptions  of  various  jiractical  operations,  new  and 
improved  forms  of  tools,"  etc. 

The  purpose  of  the  book  could  not  well  be  better  defined  than  in 
the  above-quoted  words  of  the  author.  To  all  who  lack  the  expe- 
rience of  a  thorough  apprenticeship  in  watchmaking  this  book  will  be 
a  source  of  information  well  worth  their  attention.  The  contents 
embraces  such  information  only  as  the  jobber  and  repairer  is  especially 
in  need  of,  and  on  matters  belonging  to  horology  as  a  science  he  fre- 
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quently  refers  to  his  "  Treatise  on  Modern  Horology,"  to  which  he 
considers  the  work  before  us  a  "  companion." 

Tlie  book  is  divided  into  six  parts. 

Part  One,  devoted  to  Arithmetic,  Geometry  and  Measurement,  giv- 
ing short  but  very  comprehensive  instructions  on  tliese  subjects. 

Part  Txco,  to  the  ^laterials  used  in  Horology,  liow  to  prepare  and 
treat  them,  what  ])urposes  they  have  to  serve  and  where  they  are 
applied.  The  metals,  the  chemicals,  the  minerals  and  other  natural 
products  are  sufficiently  considered  to  serve  the  object  of  the  book. 

Part  Three  has  "  Health  and  Manipulation  "  for  its  subject,  and 
gives  brief  advice  and  instruction  on  the  different  subjects  which  are 
well  worth  observing. 

Part  Four  speaks  of  the  outfit  of  the  workshop  in  general,  and  is 
very  important.  It  describes  all  necessary  tools  and  appliances,  and 
the  manner  in  Avhich  they  are  used,  minutely  and  well. 

The  subject  of  Part  Five  is  the  "  Repairing  and  Examining  of 
Watches." 

The  "  Practical  Receipts  "  of  Part  Six  are  a  supplementary  addition 
to  the  book,  describing  many  practical  ways  of  doing  work  not  men- 
tioned in  the  other  chapters. 

The  book  is  a  mine  of  useful  information.  Its  illustrations  are  well 
executed  and  numerous,  and  the  index  enables  one  to  find  references 
readily.  L.  H.  S. 


The  Natuke  of  Heat  and  Gravity.     Bv  William  Coutie  :  Trov, 
N.  Y. :  H.  Stowell,  printer,  1883. 

The  writer  of  this  pamphlet  speaks  of  himself  as  "  one  wiio,  in  one 
point  at  least,  was  the  first  of  all  living  men  in  the  most  difficult  sub- 
ject that  has  engaged  the  attention  of  this  generation"  (p.  18.)  In 
this  belief  he  is  mistaken,  for  there  are  many  men  living  who  have 
entertained  similar  views,  and  his  hypothesis,  that  light,  heat,  and 
gravity  are  "  only  different  manifestations  of  the  self-same  thing,"  is 
at  least  as  old  as  the  days  of  Lucretius.  It  was  virtually  adoptetl  by 
Newton,  in  his  study  of  the  laws  of  gravitation,  and  more  fully  and 
definitely  expanded  by  Le  ISage. 

So  far,  liowever,  as  the  hypothesis  has  been  independently  thought 
out,  it  has  a  special  interest,  as  giving  additional  evidence  of  a  natural, 
in.stinctive  belief/ which  furnishes  grounds  for  fiu'ther  investigation; 
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and  so  far  as  an  attempt  has  been  made  at  numerical  confirmation  of 
that  belief,  there  has  been  a  working  in  the  right  direction.  For 
example,  on  page  10,  the  fourth  postulate  is  as  follows : 

"  The  planets,  in  moving  around  the  sun,  have  their  motions 
reversed  from  direct  right  lines  twice  in  every  revolution,  and  by  (3) 
the  force  required  to  do  this  is  equal  to  four  times  the  force  required 
to  impart  to  them  their  present  energies." 

The  table  of  planetary  data  and  of  hypothetical  resultant  "  reversing 
force,"  which  accompanies  and  illustrates  the  postulate,  however  fanci- 
ful it  may  seem  at  first  glance,  may,  perhaps,  find  some  justification  in 
the  hypotheses  of  Siemens,  in  regard  to  the  conservation  of  solar 
energy,  and  of  Eddy,  in  regard  to  the  questionableness  of  the  second 
law  of  thermodynamics.  Chase's  application  of  the  principle  of  "  the 
dynamic  head"  to  an  explanation  of  the  dependence  of  all  the  motions 
in  the  solar  system  on  the  wave  velocity  of  light  {Proc  A.  P.  S.,  vols, 
ix— xxi),  de  Senlis's  comparison  of  the  sun  to  an  incandescent  electric 
lamp  working  in  an  absolute  vacuum  (^Les  Mondes,  Jan.  6,  1883),  and 
Duponchel's  attempts  to  show  how  the  heat  which  is  emitted  can  return 
by  a  closed  circuit  to  the  focus  of  departure  {Bevue  Scientifique,  Jan. 
27,  1883)  may  also  be  consulted  in  the  same  connection.  C. 


Painting  and  Painters'  Materials  ;  a  book  of  facts  for  painters 
and  those  who  use  and  deal  in  paint  materials.  By  Charles  L. 
Condit,  under  the  supervision  of  Jacob  Scheller,  master  painter. 
Published  by  The  Railroad  Gazette,  New  York,  1883,  pp.  461. 

This  is  a  very  thorough  treatise  on  an  important,  and  by  no  means 
hackneyed  subject — the  treating  of  oils,  etc.,  in  relation  to  paints,  var- 
nishes, and  colors ;  also  directions  as  to  decoration  of  interiors  and 
exteriors,  the  erection  and  management  of  paint  shops,  the  painting  of 
railroad  cars,  carriages,  etc.  There  are  chapters  on  the  manufacture 
of  white  and  red  lead,  and  their  effects  upon  iron  and  wood,  also  a 
chapter  on  putty  and  brushes,  and  one  on  the  much  neglected  subject 
of  the  effects  of  paint  upon  the  health  of  the  workmen.  The  testing 
of  materials  and  the  drying  qualities  of  oils,  turpentine  and  benzine, 
together  with  the  proper  mode  of  mixing  colors  to  obtain  certain 
shades,  are  subjects  treated  in  a  most  lucid  manner;  and  the  more 
technical  points  of  the  chemical  relations  of  pigments  are  explained  in 
a  way,  showing  that  the  authors  are  thoroughly  acquainted  with  their 
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subjects.  There  is  an  appendix  with  much  valuable  information,  lists 
of  works  for  reference,  etc.,  and  the  volume  has  a  number  of  handsome 
illustrations.  This  treatise  must  be  valuable  to  any  one  engaged  in 
painting  and  decoration,  also  to  a  large  class  of  color  men,  druggists 
and  others,  whose  business  has  near  relation  to  this  specialty.  The 
volume  is  literally  packed  with  information,  conveyed  with  a  clearness 
and  conciseness  which  waste  not  the  time  of  the  reader.  N. 


A  Practical  Trp:atise  on  Lightning  P^tection  ;  giving  com- 
plete and  explicit  Instructions  for  the  Protection  of  Buildings,  and 
explaining  the  Defects  of  Lightning  Conductors  now  Erected.  By 
Henry  W.  Spang.  With  illustrations.  New  and  revised  edition. 
New  York :  D.  Van  Nostrand,  1883.     8vo,  pp.  63. 

The  present  treatise  presents  in  condensed  form  the  general  consid- 
erations respecting  the  proper  measures  to  bo  taken  to  protect  build- 
ings against  injury  or  destruction  by  lightning  which  appeared  in  his 
earlier  treatise  on  the  subject,  published  in  1877,  and  which  was  noticed 
in  the  Journal  at  the  time  of  its  appearance.     {Vide  vol.  civ,  p.  79). 

The  general  views  advanced  by  the  author  in  the  present  work,  are 
substantially  the  same  as  those  advanced  in  his  previous  work,  while 
the  feature  of  advocating  his  own  particular  .system  and  the  wholesale 
condemnation  of  others  is  even  more  pronounced. 

It  is  fortunate  for  Mr.  Spang  that  his  system  is  in  all  respects  a 
good  one,  for  this  fact  serves  as  a  mantle  to  cover  a  number  of  viola- 
tions of  the  proprieties  in  his  criticisms  of  others. 

Aside  from  this  fault  we  may  cordially  commend  the  present  vol- 
ume as  conveying  sound  and  safe  views  on  the  subject  it  treats  of. 

Briefly  stated,  Mr.  Spang's  .system  consists  in  providing  an  ample 
number  of  metallic  conductors  upon  the  building  to  bo  protected  (i.  e., 
an  air-terminal  conductor  upon  each  of  the  corners,  lo  protect  every 
portion),  connecting  these  "  metallically  "  with  each  other,  and  with 
a  perforated  pipe  not  Ic^s  than  ten  foot  long,  and  two  inches  intc^rnal 
diameter,  leading  into  th<'  earth.  This  earth  connection,  which  is  the 
distinguishing  feature  of  Mr.  Spang's  ])lan  of  protecting  buildings, 
should  be  so  situated  that  the  waste  water  from  a  hydrant  or  pump, 
and  the  roof,  "  will  readily  enter  it  through  its  top  opening,  and,  pa.ss- 
ing  through  its  lower  and  side  openings,  cause  a  suital)le  area  of  ciirth 
around   and   beneath  it  to  become  and  remain  moist  .  .  .  and  thereby 
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effect  an  easy  electrical  path  between  the  lower  end  of  the  pipe  and  the 
subterranean  water-bed." 

The  plan  is  undoubtedly  an  excellent  one,  and  in  accord  with  the 
best  practice  known  to  electricians,  namely,  to  employ  metallic  conduc- 
tors of  ample  dimensions  upon  the  building,  and  to  connect  these  in  as 
perfect  a  manner  as  possible  with  the  earth,  by  carrying  their  lower 
terminals  down  to  permanent  moisture,  or  connecting  them  suitably  to 
a  large  body  of  metal. 

Mr.  Spang,  in  the  course  of  his  work,  very  plainly  exposes  certain 
prevalent  errors  in  connection  with  the  subject  of  erecting  lightning 
rods,  of  which  it  will  suffice  to  mention  the  inutility  of  points  upon 
rods,  and  the  folly  of  insulating  the  rod  from  the  building.  He  advo- 
cates the  connection  of  the  metallic  roofs,  gutters,  leaders,  with  the 
ground  system,  and  the  employment  of  gas,  water  and  other  inside 
pipes,  as  additional  protectors,  by  suitably  connecting  them  with  the 
air-terminals  of  the  rods. 

There  can  be  no  question  that  Mr.  Spang's  plan  of  protecting  build- 
ings, when  properly  applied,  is  one  of  the  best  that  can  be  devised,  in 
the  present  state  of  our  knowledge.  W. 


Practical  Carpentry  ;  being  a  Guide  to  the  Correct  Working  and 
Laying  Out  of  all  kinds  of  Carpenters'  and  Joiners'  Work,  etc.  ; 
to  which  is  prefixed  a  thorough  Treatise  on  "  Carpenters'  Geometry." 
By  Fred.  T.  Hodgson.  New  York :  The  Industrial  Publication 
Company,  1883.     12mo,  pp.  144,  6  plates. 

The  title  of  this  work  expresses  its  scope  and  character  very  well. 
It  is  written  by  an  author  who  has  had  some  experience  in  the  prepa- 
ration of  workshop  manuals  for  workmen,  and  who  has  made  a  credit- 
able reputation  thereby. 

The  average  carpenter,  Avhose  time  is  so  fully  occupied  in  the  shop 
that  he  has  little  to  spare  for  home  study  to  acquaint  himself  with 
many  geometrical  principles  that  he  nevertheless  constantly  feels  the 
need  of  to  assist  him  in  laying  out  his  work,  and  in  getting  at  the 
readiest,  most  economical  and  advantageous  methods  of  performing  it, 
will  find  ]Mr.  Hodgson's  book  a  useful  companion  to  occupy  a  corner 
in  his  shop  or  tool-chest,  where  it  may  be  handy  for  consultation. 

This  is  the  purpose  for  which  the  author  has  prepared  the  work,  as 
in  his  preface  he  desires  it  to  be  understood  that  it  "  is  not  intended  to 
take  the  place  of  any  of  the  larger  and  more  exhaustive  works,  but  is 
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designed  more  particularly  for  use  as  a  handbook  by  the  workman 
who  has  not  had  time  or  opportunity  to  thoroughly  commit  to  memory 
the  principles  it  contains.  .  .  .  There  are  many  whose  limited  means 
will  not  permit  of  their  purchasing  a  great  number  of  these  books,  .  .  . 
and  it  is  for  these  men  that  this  manual  is  prepared." 

Briefly  summarized,  the  book  is  a  guide  to  the  correct  working  and 
laying  out  of  all  kinds  of  carpenters'  and  joiners'  work,  with  the  aid 
of  a  series  of  illustrated  problems,  giving  the  solutions  of  a  great 
variety  of  questions  that  arise  in  correctly  laying  out  and  executing  the 
more  troublesome  operations  that  every  carpenter  is  constantly  meet- 
ing with  in  his  trade.  These  embrace  problems  in  hip-roofs,  Gothic 
work,  centering,  splayed  work,  joints  and  jointing,  hinging,  dovetail- 
ing, mitering,  timber  splicing,  hopper  work,  skylights,  raking  mould- 
ings, circular  work,  etc.,  etc.  The  book  contains  also  a  number  of 
useful  tables  for  facilitating  calculations,  and,  in  addition  to  some  150 
wood-cuts  accompanying  the  problems,  scattered  through  it  with  the 
text,  it  has  six  well-engraved  plates  showing  various  forms  of  joints 
and  straps  and  hinges. 

The  rules  and  solutions  given  throughout  the  work  appear,  so  far  as 
we  have  been  able  to  examine  them,  to  be  correct,  and  therefore 
reliable.  Altogether  it  contains  a  large  amount  of  useful  information, 
conveyed  in  an  intelligible  manner,  and  it  may  be  safely  commended 
to  workmen  in  airpentry  its  a  serviceable  reference  book  to  have  at 
hand.  W. 

Sand-sharpened  Files. — The  value  of  the  .sand-bUist  in  sharp- 
ening files  is  not  limited  to  the  restoration  of  those  that  have  been 
worn  out,  but  it  is  e<iually  evident  in  the  first  cutting.  Experiments 
have  been  tried  with  bastard  files  which  were  finished  by  the  sand 
blast  upon  one  side,  while  the  other  side  was  simply  cut  in  the  ordinary 
manner;  other  files  of  the  same  size  were  also  tried,  which  had  been 
worn  out  and  re&harpenod  by  the  sand-blast.  AVith  these  files  three 
pieces  of  gun  metal,  of  equal  size  and  quality,  were  worked,  by  mak- 
ing fifty  thru.sts  at  a  time  upon  each  piece  and  continuing  until  one  of 
the  files  became  uselef-s.  A  similar  experiment  was  tried  with  ciust 
iron,  wrought  iron,  and  .steel,  showing  that  the  newly  finished  files 
were  the  first  to  give  out  and  tho.se  which  were  finishetl  with  tiie  sand- 
blast were  the  most  durable  of  all. — Dinr/ln'^A  Journal,  A])ril  11, 
1883.  C. 
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The  Du  Puy  Process  in  Spain.— In  the  year  1878,  the  pro- 
prietors of  the  Gaceta  Industrial  became  satisfied  that  the  Du  Puy  pro- 
cess, for  the  direct  production  of  malleable  iron  from  the  ore,  was  a 
success ;  but  not  until  the  last  patent  was  obtained  were  they  satisfied 
that  it  had  been  brought  to  such  perfection  as  to  be  susceptible  of  no 
further  improvement  except  in  minor  details.  The  requirement  of  a 
wrought-iron  canister  added  largely  to  the  expense  of  manufacture 
under  the  first  method ;  that  necessity  having  been  now  removed,  the 
ore  and  other  ingredients  are  mixed  in  a  mass  with  walls  of  small 
thickness,  without  any  foreign  envelope,  and  the  reduction  from  the 
ore  to  the  malleable  ball  requires  only  from  two  to  three  hours,  in 
furnaces  which  are  badly  adapted  to  the  process,  and  probably  less 
than  two  hours  in  suitable  furnaces.  At  first  it  was  thought  that  a 
single  furnace  would  not  be  able  to  produce  more  than  four  or  five 
tons  per  day,  but  it  is  now  found  that  they  will  yield  ten  tons  or  more 
with  the  same  attendance  when  in  regular  operation.  The  whole 
process  is  so  automatic  that  scarcely  any  supervision  is  required  except 
in  charging  and  removing  the  charge.  It  would  be  absurd  to  suppose 
that  this  interesting  method  is  to  be  the  only  one,  or  even  the  prevail- 
ing one,  in  the  iron  industry ;  but  it  is  certain  that  it  will  always 
occupy  the  first  rank,  and  it  will  form  a  part  of  the  operations  in  all 
large  establishments,  while  it  wall  be  the  exclusive  one  in  small  works. 
Large  manufacturers  will  absolutely  require  it,  since  at  the  present 
time  they  have  from  3,000  to  4,000  tons  of  waste  cinder  and  other 
refuse,  annually  turned  out  from  their  puddling  and  heating  furnaces 
and  Bessemer  converters,  which  could  be  made  to  yield,  by  the  new 
process,  from  40,000  to  50,000  pesetas  ($8,000  to  $10,000)  per  annum. 
In  small  fabrics  the  method  should  make  its  way  exclusively  and  with 
certainty,  because  there  is  absolutely  no  way  of  producing  small  quanti- 
ties of  malleable  iron  or  Martin-Siemens  steel  at  less  cost  or  with  less 
capital.  Moreover,  the  process  may  be  employed  in  the  production  of 
malleable  iron  of  the  best  quality,  quite  equal  to  that  which  is  made 
from  charcoal  pigs,  at  a  cost  even  less  than  coke  iron.  Du  Puy's 
system,  therefore,  can  be  applied  wath  visible  advantage  to  all  cases  in 
which  the  Catalan  or  Tourangin  methods  are  now  used  and  to  all 
cases  in  which,  by  utilizing  the  small  and  hitherto  ruinous  furnaces  of 
olden  time,  the  production  may  be  triplicated.  The  only  defect  is, 
that  the  new  process  does  not  economize  the  ore  quite  so  well  as  more 
expensive  methods ;  but  that  is  a  slight  consideration  in  Spain,  where 
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the  works  can  be  established  at  the  very  foot  of  the  mines  and  where 
the  value  of  the  rich,  pure,  plentiful  and  cheap  iron  ores  is  only  a  sub- 
ordinate consideration.  The  cost  of  the  slight  excess  in  ore  is  more 
than  made  up  by  the  economy  in  fuel,  the  quality  of  product  and  the 
.saving  in  investment.  The  system  seems  to  be  especially  adapted  to 
Spain,  and  the  times  are  quite  ripe  for  its  introduction.  Repeated 
trials  have  been  made  in  Madrid,  most  of  them  with  a  greater  or  less 
degree  of  privacy,  but  some  of  them  have  been  of  an  official  character 
and  attended  by  some  of  the  best  Spanish  industrial  and  mining 
engineers.  Sefior  Don  Constantino  Saez  Montoya  was  commissioned 
by  the  Conservatorio  de  Artes  y  Oficios  to  test  the  working  of  the 
patent ;  Don  Federico  Bayo,  Don  Saturnino  Otaegui,  Don  Luis  Barra, 
Don  Jo.se  Alcover,  Don  Baldomero  Santigos,  and  Don  Juan  Gomez 
Hemas  were  also  in  attendance,  to  represent  various  syndicates  and 
manufacturers.  The  operations  were  conducte<l  under  the  intelligent 
direction  of  Mr.  Howard  R.  Justice,  a  Philadelphia  engineer  and  .son 
of  the  proprietor  of  the  European  patents.  The  Rubio  ores  of  Bilbao 
were  employed,  as.saying  50*29  per  cent.  From  the  first  operation  the 
proper  mixture  for  reducing  the  iron  was  made  without  difficulty,  so 
as  to  secure  the  two  aims  of  conunercial  success  and  quick  reduction. 
The  charge  was  reduced  in  two  hours  and  three-quarters,  and  was 
drawn  from  the  furnace  in  balls  as  large  as  the  doors  would  allow ;  the 
yield  was  a  ton  of  hanunered  blooms  for  2^  tons  of  Rubio  ore;  at 
other  times  a  ton  of  blooms  was  obtained  from  2  j^  tons  of  the  same 
ore.  It  is  customary  to  employ  the  best  coal  in  such  tests,  but  the 
operators  purposely  used  Puertollano  coal  of  an  inferior  quality,  in 
order  to  demonstrate  the  double  advantages  of  their  metho<l.  The  iron 
obtained  was  of  a  very  satisfactory  character,  although  it  was  wrought 
by  a  very  unsuitable  hammer.  The  witnesses  of  the  operation  were 
all  of  great  industrial  competency,  capable  of  readily  appreciating  the 
fact  that  the  work  was  performed  under  unfavorable  conditions,  and 
that  it  nevertheless  yielded  good  result.^.  The  moulds  were  introduced 
into  the  furnace  while  still  moist,  and  they  were  charged  while  the 
furnace  was  still  cool,  out  of  courtesy  to  the  official  engineer,  in  order 
to  occupy  as  little  of  his  time  as  possible.  The  furnace  was  of  the 
worst  type  that  could  be  employed  for  the  purpose;  direct-firing,  with 
low  doors,  horizontal  grate,  very  low  open  a.sh  pit,  and  cold  draught. 
A  proper  Du  Puy  furnace  should  be  gas-heated,  with  large  doors,  closed 
ash  pit,  and  forced  draught  at  low  pressure  but  high  temperature.    To 
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obtain  a  good  yield  from  ores  in  these  unfavorable  conditions  is  a  much 
better  evidence  of  success  than  to  reach  ideal  results  with  the  best 
means. — La  Gaceta  Industrial,  June  25,  1883.  C. 

Astro-Photographic  Studies.— Since  1874,  C.  V.  Zenger  has 
made  photographs  of  the  sun  with  an  astro-photographic  apparatus 
constructed  by  Browning.  He  operated  with  an  ethereal  solution  of 
chlorophyl,  from  which  he  extracted  a  compound  by  treating  it  with 
sulphuric  ether  and  dried  peppermint.  He  thus  obtained  a  deep  green 
liquid,  which  could  be  reduced  by  the  evaporation  of  the  ether  to  a 
friable,  black,  and  aromatic  substance,  which  contains  ethereal  oil  of 
mint.  By  benzine,  pure  alcohol,  and  paraffine,  three  coloring  matters 
can  be  separated  :  green  chlorophyl,  indigo-blue  cyanophyl,  and  red- 
dish-yellow xanthophyl.  Each  of  these  substances  has  its  special 
absorption-spectrum ;  when  united  they  absorb  nearly  all  parts  of  the 
solar  spectrum.  In  this  manner  he  succeeded  in  representing  the  solar 
corona  and  the  chromosphere,  sometimes  with  a  reddish  or  yellowish 
color,  when  the  sky  was  very  clear  and  cloudless.  He  even  obtained 
the  representation  of  a  solar  halo,  on  the  10th  of  January,  1875,  with 
all  the  colors  visible  to  the  naked  eye;  these  colors  remain  still 
unchanged.  He  obtained  a  photograph  of  the  solar  spectrum,  show- 
ing the  lines  from  A  to  H,  and  even  to  J  and  M,  when  he  used  his 
quartz  dispersion  parallelopiped  and  quartz  oculars  or  photographic 
lenses.  On  March  5th,  1875,  he  observed,  during  a  heavy  wind, 
some  special  phenomena  to  which  he  has  given  the  name  of  zones  of 
absorption.  The  sun's  disc  was  surrounded  by  sharply  defined  elliptic 
zones,  showing  in  the  negative  with  snowy  whiteness.  Many  of  the 
photographs  which  were  taken  upon  that  day  showed  the  phenomenon, 
which  ceased  only  with  the  tempest.  In  repeating  the  experiment,  he 
finds  that  these  appearances  are  always  manifested  before  and  during 
heavy  gusts;  he  has  also  found,  during  nine  years  of  daily  observation, 
that  the  phenomena  are  repeated  regularly,  at  intervals  of  from  ten  to 
thirteen  days,  and  that  they  indicate  the  approach  of  the  storm  from 
12  to  24  hours,  even  before  the  barometer  or  the  magnetic  needle  has 
shown  any  signs  of  disturbance.  In  examining  observation  which 
have  been  extended  over  long  periods,  covering  20  years  at  stations  in 
Greenwich,  Vienna,  Prague,  and  Windsor  in  Australia,  he  finds  cycles 
of  from  12-7  to  IG'l  days  in  storms  and  rainfalls.  He  also  finds 
similar  cycles  in  aurora  borealis,  solar  photographs,  American  cyclones^ 
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Chinese  typhoons,  falls  of  bolides  and  meteorites,  perihelia  of  comets, 
and  earthquakes.  In  January,  1 883,  he  communicated  to  the  French 
Academy  some  of  his  results,  comparing  the  dates  of  the  most  recent 
cometary  perihelia,  the  durations  of  their  sidereal  revolutions  and  the 
(juration  of  a  solar  half  rotation,  which  led  him  to  the  equation 

nt    _    rp 

T"  ' 
in  which  n  is  an  integer,  t  the  period  of  solar  rotation,  T  the  duration 
of  the  sidereal  revolution  of  the  comet  or  planet.  He  applies  this 
equation  to  the  eight  primary  planets  and  the  asteroids  Vesta,  Juno, 
Ceres,  and  Camilla,  showing  that  they  all  give  values  for  t  which  have 
an  extreme  range  of  less  than  one  per  cent.  He  (insiders  that  the 
marvelous  symmetry  which  is  thus  shown  furnishes  a  striking  exam- 
ple of  the  simplicity  and  perfect  symmetry  of  the  solar  system,  and 
that  we  can  consider  the  same  law  of  periodicity  as  governing  the 
movements  of  planeis,  comets,  meteoric  displays,  planetary  atmos- 
pheres, aurora  borealis,  changes  of  electric  and  magnetic  condition, 
and  seismic  movements.  It  therefore  seems  to  him  very  probable 
that  the  sun  acts  as  an  enormous  dynamo-electric  machine  connected 
with  others,  their  mutual  energy  being  manifested  in  determining  all 
the  movements  in  inter-planetary  space  and  on  the  surface  and  in  the 
interior  of  the  planets  themselves,  and  that  their  revolutions,  like 
those  of  comets  and  meteorites,  are  only  the  movements  resulting  from 
the  actions  of  the  dynamic  poles  of  this  enormous  source  of  energy. — 
Comptes  Rendus,  August  27,  1883. 

[Zenger  makes  no  attempt  to  explain  his  harmonies,  but  they  may 
be  simply  accounted  for  on  a  principle  which  is  given  in  Rankine's 
"  Manual  of  Applied  Mechanics,"  p.  576  :  "in  a  rotating  vortex,  the 
dynamic  head,  at  any  point,  is  the  height  due  to  the  velocity,  and  the 
energy  of  any  particle  is  one-half  actual  and  one-half  potential." 
Chase  has  applied  this  principle  {Proc.  Amer.  Phil.  Soc„  vols,  ix-xxi) 
to  an  explanation  of  the  dej)endcnce  of  all  the  motions  in  the  solar 
system  on  the  wave  velocity  of  light.  The  hypotheses  of  Siemens  and 
Duponchel,  respecting  the  conservation  of  .solar  energy,  may,  perhaps, 
be  more  fully  and  satisfactorily  elucidated  by  the  .same  principle.]     C. 

Telluric  Spectral  Bands. — Admiral  Mouchez  has  presented  to 
the  French  Academy  a  ncjtc  of  M.  Egoroff,  upon  the  production  of 
the   fundamental   telluric  bands,  A  and   B,  of  the  solar  .spectrum,  by 
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an  absorbing  layer  of  oxygen.  Angstrom  observed  the  disappearance 
of  the  group  a  during  heavy  frosts,  while  A  and  B  remained.  We 
may,  therefore,  suppose  that  A  and  B  are  solar  groups,  or  inter-plan- 
etary groups,  or  telluric  groups  which  are  due  to  other  atmospheric 
elements  than  the  vapor  of  water.  The  successive  experiments  made 
at  the  Paris  Observatory,  upon  the  successive  absorption  of  atmos- 
pheric layers  of  different  thicknesses,  between  the  limits  of  10,000 
metres  and  80  metres,  have  shown  that  A  and  B  are  telluric  groups, 
and  that  A  is  the  more  fundamental  of  the  two.  Direct  observations 
upon  the  absorption  spectra  of  carbonic  acid,  ammonia,  and  ozone, 
taken  in  layers  which  correspond  to  atmospheric  layers  of  more  than 
100  kilometres  in  thickness,  have  shown  that  those  gases  have  nothing 
to  do  with  the  groups  in  question.  Egoroff  placed  in  the  physical 
laboratory  of  St.  Petersburg  a  tube,  20  metres  long  and  50  millimetres 
in  diameter,  in  which  the  air  or  its  constituent  gases  could  be  subjected 
to  a  pressure  of  15  atmospheres.  A  Drummond  light  was  concen- 
trated, after  passing  through  the  tube,  upon  the  slit  of  a  large  Merz 
spectroscope,  by  means.of  an  achromatic  lens  having  the  same  focal 
distance  as  the  collimator.  Air  compressed  with  five  atmospheres 
gives  A  plainly  visible;  under  a  pressure  of  eight  atmospheres  it 
becomes  deeper,  broader,  and  more  distinctly  marked.  On  adding 
oxygen  to  the  air  in  the  tube  and  maintaining  the  pressure  of  the 
mixture  at  seven  atmospheres,  A  becomes  very  distinct,  under  the 
form  of  a  double  group,  of  which  the  more  refrangible  portion  is 
darker  than  the  other.  Each  group  appears  to  be  composed  of  a  mul- 
titude of  fine  lines.  Oxygen  pure  and  dry  shows  A  under  the  pres- 
sure of  a  single  atmosphere.  With  a  pressure  of  three  atmospheres, 
it  becomes  plainly  double.  At  a  pressure  of  six  atmospheres,  it  is 
largely  developed  and  the  group  B  is  added.  At  eight  atmospheres, 
the  two  groups  are  strengthened  and  enlarged.  They  are,  therefore, 
due  to  the  oxygen  of  the  air.  Hydrogen,  under  a  pressure  of  three 
atmospheres,  shows  no  trace  of  line  or  band  in  the  visible  portion  of 
the  spectrum.  The  same  thing  is  true  of  ordinary  illuminating  gas, 
and  of  air  saturated  with  benzine,  which  controverts  the  opinion  of 
M.  Abney  that  the  groups  are  attributable  to  absorption  by  hydro- 
carbons in  inter-planetan,'  space. — Comptes  Rendus,  Aug.  27,  1883.    C. 

Dwarfs  and  Giants. — M.  Delbeuf,  in  a  late  address  to  the  Royal 
Academy  of  Belgium,  skillfully  attacks  some  of  the  common  notions 
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in  regard  to  tlie  relative  degrees  of  force  which  are  exerted  by  different 
forms  of  animal  life.  We  are  astonished  M-hen  we  first  hear  that  a 
flea  can  jump  200  times  his  own  length.  Our  admiration  is  changed 
into  stupefaction  when  a  simple  calculation  shows  that  if  nature  had 
endowed  the  horse  with  a  like  power,  but  increasetl  in  proportion  to 
its  weight,  it  would  be  able,  at  a  single  bound,  to  leap  over  the  Rocky- 
Mountains.  If  man  had  a  velocity  proportioned  to  that  of  certain 
insects,  he  would  traverse  more  than  ten  leagues  in  a  minute,  which  is 
60  times  the  speed  of  an  express  train.  The  Amazon  ants,  in  starting 
on  a  warlike  expedition,  travel  about  two  and  a  half  yards  per  minute. 
The  celebrated  heroines  of  antiquity  who  gave  their  name  to  these  tur- 
bulent insects,  would  have  traveled  on  foot  eight  leagues  per  hour,  if 
their  speed  was  proportioned  to  their  size.  AVe  ought,  liowever,  to 
compare  the  forces  which  move  given  ma.sses,  and  to  consider  the  rela- 
tive weights  or  volumes.  Under  tliis  view,  the  warlike  inhabitants  of 
the  banks  of  the  Thermodon  shouhl  have  traveled  1 50,000  miles  per 
hour.  That  is  enough  to  frighten  the  boldest  imagination.  And  yet 
who  will  deny  the  truth  of  the  observations,  the  accuracy  of  the  meas- 
urements, and  the  ju.stice  of  the  reasoning.  In  all  such  comparisons 
there  is  a  scientific  delusion  which  may  be  easily  dissipated.  The 
proper  subject  of  consideration  is  the  work  necessiiry  to  raise  a  certain 
weight.  The  work  increases  in  joint  proportionality  to  the  weight  and 
height.  When  two  animals,  of  different  masses,  leap  to  the  same  abso- 
lute height,  each  one  accomplishes  an  amount  of  work  which  is  pre- 
cisely proportional  to  its  mass.  Wiien  a  man  jumps  over  an  obstacle 
which  is  two  feet  high,  he  accomplishes  a  work  which  is  twice  as  great 
as  that  of  the  flea  or  the  grasshopper,  which  can  scarcely  jump  a  foot. 
These  views  are  illustrated  by  interesting  comparisons  between  the 
inhabitants  of  Lilliput  and  Brobdinguag,  by  the  ra[)idity  of  motion  in 
the  wings  of  insects,  and  in  various  other  ways. — Rev.  Scientif.,  Jan. 
27,  1883.  '  C. 

Material  Particles  in  Electric  Sparks.— Friedrich  Wikhter 
publishes  the  following  conclusions  from  his  experiments:  1.  There  is 
a  removal  of  particles  from  tlie  ano<le,  in  atmospheric  air,  under  pres- 
sures varying  between  4500  and  10  millimeters  of  (piicksilver ;  the 
removal  of  particles  from  the  kathode  is  observed  only  under  ])res- 
sures  between  G3  and  "005  mm.  2,  The  (juantity  of  particles  removed 
in  equal  times  and  under  similar  circumstauces,  diminishes  at  the  anode 
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and  increases  at  the  kathode  with  diminishing  pressure.  3.  The  anode 
particles  are  carried  to  a  much  greater  distance  than  the  kathode  par- 
ticles, under  the  same  circumstances  (at  63  mm.  pressure  about  3400 
times  as  far).  4.  The  anode  particles  proceed,  under  all  pressures,  from 
a  comparatively  small  surface ;  the  kathode  particles  are  thrown  from 
surfaces  which  increase  with  diminishing  pressure  and  are  sometimes 
10,000  times  as  great  as  that  of  the  anode  particles.  5.  The  anode 
particles  always  proceed  from  the  portion  which  lies  nearest  to  the 
kathode  ;  the  kathode  particles  may  go  from  its  entire  surface.  6.  The 
projection  of  anode  particles  is  aided  by  a  curved  or  pointed  form  of 
the  electrode ;  that  of  the  kathode  particles  by  a  clean  unoxidized  sur- 
fac3,  7.  The  anode  particles  proceed  to  the  kathode  in  the  direction 
of  least  resistance.  The  movement  of  the  kathode  particles  is  normal 
to  the  surface  and  uninfluenced  by  the  place  of  the  anode  or  the  direc- 
tion of  the  current.  8.  The  anode  particles  may  move  in  all  imagina- 
ble curves  ;  the  direction  of  the  kathode  particles  is  rectilinear.  9.  The 
anode  particles  are  deflected  by  a  magnet  as  if  they  were  diamagnetic ; 
the  kathode  particles  as  if  they  were  paramagnetic,  10.  The  anode 
particles  are  transported  both  in  luminous  and  in  non-luminous  condi- 
tions ;  the  kathode  particles  only  when  non-luminous.  11.  The  anode 
particles  have  a  measurable  magnitude  and  are  apparently  torn  off 
mechanically ;  the  kathode  particles  are  inappreciably  small  and  appear 
to  be  produced  by  a  kind  of  evaporation.  12.  The  heating  of  the 
electrodes  favors  the  projection  of  particles  from  the  kathode ;  the  in- 
fluence upon  the  anode  is  somewhat  doubtful.  13.  The  kathode  par- 
ticles facilitate  the  passage  of  the  electric  current  from  the  electrode  to 
the  gas  molecules  ;  this  is  not  the  case  with  the  anode  particles.  14. 
The  researches  of  G.  Wiedemann  and  Kuhlmann  show  that  a  greater 
electric  tension  is  requisite  for  the  projection  of  particles  from  the  anode 
than  from  the  kathode.  These  facts  are  supposed  to  show  a  difference 
between  positive  and  negative  electricity,  which  is  qualitative,  and 
which  cannot  be  explained  by  the  mere  excess  or  deficiency  of  a  single 
activity. — Ann.  der  Phys.  u.  C/iem.,  Nov.,  1882.  C 

Powdered  Asbestos. — M.  Erichsen,  of  Copenhagen,  uses  pow- 
dered asbestos  for  making  a  special  enamel  or  coating.  The  powder 
i.s  mixed  with  soluble  salts,  such  as  silicate  of  potash,  and  mineral  or 
other  colors  which  combine  with  the  silicic  acid,  so  as  to  form  a  pro- 
duct which  resists  the  action  of  oxygen,  heat,  cold  and  moisture.  This 
furnishes  a  refractory  glazing,  which  protects  porous   materials  and 
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which  can  be  applied  to  wood,  to  gas  or  water  pipes,  to  brick  walls,  to 
constructions  of  stone  or  cement,  etc.,  etc.  It  has  been  proposed  to  use 
it  in  boilers,  to  protect  the  plates  against  the  too  great  intensity  of  the 
fire.  When  applied  to  masonry  or  to  wooden  objects,  tlie  surface  is 
first  washed  with  water  and  soap.  In  the  preparation  of  the  coating 
it  is  only  necessary  to  use  the  refuse  of  the  asbestos,  which  Avould  be 
worthless  for  any  other  purpose. —  Chron.  Industr.,  Jan.  21,  1883. 

Utilizillg  Subterranean  Heat. — Many  methods  have  been  pro- 
posed for  utilizing  the  internal  heat  of  the  earth,  and  if  we  remember 
that  the  temperature  increases  at  an  average  rate  of  about  1°  F.  for 
each  50  feet  of  increasing  depth,  it  will  be  readily  seen  that  such  utili- 
zation is  quite  possible.  It  is  probable,  however,  that  the  excavation 
of  wells,  deep  enough  to  boil  water  and  produce  steam,  would  involve 
a  greater  cost  than  the  production  of  steam  by  the  combustion  of  coal 
or  by  solar  heat.  The  Japanese  are  seriously  considering  the  utiliza- 
tion of  the  hot  springs  near  Tokio,  as  a  means  of  producing  heat  and 
power.  The  subject  has  been  discussed  in  the  Japanese  Seismologic 
Society.  In  a  ctiuntry  where  the  presence  of  hot  springs  and  the  fre- 
quency of  earthquakes  indicate  a  rapid  increase  of  subterranean  tem- 
perature, the  thing  may  be  quite  practicable.  It  has  even  been  ques- 
tioned whether  the  extraction  of  the  heat  would  not  diminish  in  some 
degree  the  frequency  and  intensity  of  earthquakes. — Soc.  des  Tng.  Civ., 
Oct.,  1882.  '  C. 

Electric  Shadows. — P.  Riess  has  published  the  following  laws  : 
An  electrized  surface  shines  in  the  open  air,  only  in  the  places  which 
have  been  .struck  by  an  oppositely  electrified  air  current.  The  surface 
does  not  shine  where  the  current  is  interrupted  by  an  interpo.sed  con- 
ducting body,  but  there  is  a  shadow  of  the  same  form  as  the  interposed 
body.  If  the  current  is  not  discharged,  but  only  turned  Jiside  by  a 
non-conductor,  there  is  usually  no  shadow ;  but  in  feeble  machines  a 
small  conductor  .sometimes  produces  a  slight  shadow. — Ann.  dvr  Pliys. 
a.  Chem.,  Nov.,  1882.  C. 

Electrical  Wood  Cutting  Machine. — Th.  Giinther,  of  Zerbst, 
has  patented  a  wood  cutiiiig  machine,  in  which  a  number  of  platinum 
wires  are  united  in  a  frame  and  hcate<l  by  a  galvanic  battery,  so  as  to 
be  used  as  saws  for  cutting  logs  into  boards. — Dingler^s  Journal 
December  G,  1882.  V. 

Homeopathy  and  Radiant  Matter. — Tlie  homeopaths  claim 
that  medicinal  matter  when   reduced  to  infinitesimal  proportions  has 
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special  and  powerful  efficacy;  their  adversaries  ridicule  the  idea.  The 
experiments  of  Crookes  have  shown  that  radiant  matter  possesses  new 
properties.  An  enthusiastic  admirer  of  Hahnemann  cites  this  fact  as 
a  strong  confirmation  of  the  infinitesimal  theory. — Les  Mondes,  April 
14,  1883.  C. 

OBITUARY.— JOHN  C.  TRAUTWINE. 


John  Cressou  Trautwine,  the  eminent  civil  engineer,  whose  death 
occurred  on  the  fourteenth  of  September,  1883,  at  his  home  in  Phila- 
delphia, was  the  eldest  child  of  the  late  William  Trautwine,  Sr.,  and 
Sarah  Wilkinson,  his  wife.  He  was  born  in  this  city  March  30th, 
1810,  and -his  early  childhood  was  passed  at  his  father's  house  on 
Water  street,  near  Market,  adjoining  that  of  the   late  Stephen  Girard. 

While  very  young  he  acquired  a  marked  fondness  for  the  natural 
sciences,  particularly  physics  and  mineralogy.  In  all  probability 
this  inclination  was  awakened  by  his  father's  friends,  one  of  whom, 
the  late  Joseph  Longhead,  Sr.,  at  that  time  a  prominent  teacher,  took 
much  interest  in  the  boy  and  encouraged  him  in  various  ways.  When 
about  seven  years  old,  he  one  day  strolled  away  from  the  house  and 
was  so  long  absent  that  his  father  began  a  search  for  him  which  ended 
by  his  discovery,  fast  asleep,  on  a  stall  in  the  old  Market  street  market 
sheds,  with  his  pockets  so  stuffed  with  mineral  specimens  from  the 
adjacent  country  that  he  could  walk  but  with  difficulty.  Soon  after 
this  he  was  placed  under  the  charge  of  the  late  James  P.  Espy,  who 
may  be  said  to  have  been  the  father  of  the  system  of  organized  meteo- 
rological observations  and  under  whom  he  studied  natural  philosophy 
and  mathematics.  At  an  early  age  he  learned  to  draw  and  paint 
with  facility  and  quickly  became  an  adept  in  water  coloring.  His 
rough  note-book  contains  exquisitely  painted  little  sketches  of  bridges, 
parts  of  buildings  and  other  subjects,  on  the  margin  of  pages  crowded 
with  hastily  written  memoranda. 

In  1828,  when  eighteen  years  old,  he  entered  the  office  of  the  late 
William  Strickland,  at  that  time  located  on  the  south  side  of  Arch 
street,  above  Sixth,  opposite  the  theatre  then  being  built.  Mr.  Strick- 
land was  the  most  promiment  civil  engineer  and  architect  in  this 
part  of  the  United  States  and  young  Trautwine,  while  with  him,  was 
engaged  on  some  of  the  principal  engineering  works  of  that  day. 

Soon  after  entering  Mr.  Strickland's  office,  in  1828,  he  prepared  and 
submitted  a  competitive  design  for  the  Penn  Township  Bank,  opposite 
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Franklin  Square,  at  Sixth  and  Vine  streets.  His  design  was  accepted 
and  he  superintended  the  erection  of  the  building.  He  also  designed 
and  supervised  the  placing  of  the  iron-railing  around  Franklin  Square, 
now  in  process  of  removal. 

With  two  of  his  fellow-students  in  Mr.  Strickland's  office  he  formed 
an  intimacy  which  continued  for  years.  One  was  Ell  wood  Morri.^,  the 
well-known  engineer,  with  whom  in  later  years,  he  shared  an  office  in 
the  Franklin  Institute  building,  and  the  other  was  Tliomas  U.  Walter, 
who  subse(piently  became  architect  of  Girard  College  and  of  the  new 
Capitol  building  at  Washington. 

The  Delaware  Breakwater  was  constructed  under  Mr.  Strickland's 
supervision  and  Mr  Trautwine  was  for  some  time  engaged  on  that 
Avork.  He  also  assisted  Mr.  Strickland  in  the  erection  of  the  United 
States  Mint,  the  Blockley  Almshouse  and  many  other  prominent 
buildings. 

While  in  Mr.  Strickland's  office,  it  was  his  duty  to  exhibit  and  ex- 
plain to  callers  a  model  railroad  .section,  adapted  to  cars  with  flanged 
wheels.  The  young  and  enthusia.stic  visitors  foresaw  a  practical  use 
for  this  arrangement,  but  the  older  and  more  conservative  detected  its 
visionary  character.  Here  was  the  beginning — the  birth  of  railroad 
engineering  in  America ;  and  it  was  the  destiny  of  the  subject  of  this 
memoir  to  foster  its  development,  by  the  field-labor  of  his  earlier  man- 
hood, and  in  later  life,  by  his  published  engineering-works,  which 
may  be  found  in  the  hands  of  almost  every  engineer  in  the  United 
States. 

In  1831  he  wa*5  engaged  on  the  Philadelphia  section  of  the  Colum- 
bia Railroad,  from  the  old  Columbia,  or  Pieter's  Island,  Bridge,  over 
the  Schuylkill  river  (a  detailed  description  of  which  he  published  in 
the  FuAMvLiN  In.stitute  Jockxaj-  for  August,  1834),  to  Broad 
street,  and  in  1832  he  laid  out  Logan  Square.  He  competed  successfully 
for  the  design  of  the  Moyamensing  Commissioners'  Hall  in  1833,  and 
in  the  .same  year,  together  with  the  late  J.  Edgar  Thompson,  atter- 
Avards  president  of  the  Pennsylvania  llailroad,  made  a  survey  for  a 
canal  from  Fairmount  to  the  mouth  of  Mill  creek,  near  Gray's  Ferry. 

In  1835  1k'  was  appointed  prin{'ii)al  assistant  engineer  on  the 
Philadelphia,  Wilmington  and  Baltimore  Railroad.  At  Havre  de 
Grace,  in  this  year,  he  became  acquainted  with  the  late  Benjamin  H. 
Latrobe,  of  Baltimore,  subsequently  engineer  of  the  Baltimore  and 
Ohio   Railroad,  with    whom   he   formed   a    lasting  friendship,  and   to 
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whom  he  long  afterwards  dedicated  his  principal  work  on  engineering. 
In  1836  he  was  appointed  engineer  of  the  Philadelphia  and  Trenton 
Raih'oad,  on  the  resignation  of  Mr.  Samuel  Kneass;  but  resigned  on 
receiving,  in  the  same  year,  the  appointment  as  chief  engineer  of  tiie 
Hiwassee  Railroad,  extending  from  Tennessee  into  Georgia.  Having 
married  in  1838,  Miss  Eliza  Ritter,  daughter  of  the  late  Mr.  Jacob 
Ritter,  Jr.,  of  Philadelphia,  he  built  a  residence  in  Knoxville,  Ten- 
nessee, expecting  to  continue  there  as  permanent  engineer  of  the  road 
after  its  completion.  The  various  State  governments  were  at  that  time 
undertaking  extensive  measures  to  open  up  and  develop  the  wilder 
sections,  and  Mr.  Trautwine  wrote  and  published  an  extended  article 
upon  the  Internal  Improvement  of  the  South.  The  financial  dis- 
turbances of  the  period  involved  the  Hiwassee  Railroad,  which  sus- 
pended work  at  the  time  when  the  chief  engineer,  with  the  president. 
General  Jacobs,  were  on  the  eve  of  constructing  rolling-mills  to  manu- 
facture for  the  road  the  first  iron  rails  to  be  made  in  this  country. 
Mr.  Trautwine  left  Tennessee  and  returned  to  Philadelphia  in  1843, 
having  been  engaged  on  the  Hiwassee  Railroad  nearly  six  years.  He 
next  surveyed  the  route  for  the  Ralston  and  Blossburg  Railroad,^ 
in  Pennsylvania,  and  soon  after,  in  1844,  sailed  for  Carthagena,  New 
Granada,  S.  A.,  where,  for  five  years,  he  was  engaged  with  General 
George  M.  Totten  in  the  construction  of  the  Canal  del  Dique,  connect- 
ing the  Magdalena  river  with  the  bay  of  Carthagena.  His  extended 
work  here,  surmounting  all  the  natural  obstacles  which  a  vast  tropical 
swamp  could  oppose  to  man's  skill  and  labor,  was  a  fitting  preparation 
for  that  after-work,  with  which  his  name  will  ever  be  associated,  on 
the  Isthmus  of  Darien  and  the  Atrato.  Returning  to  the  United 
States  in  1849,  he  surveyed  the  borough  of  Germantown,  now  the 
Twenty-second  Ward  of  Philadelphia,  correcting  errors  of  long  stand- 
ing, and  rearranging  the  lines  of  many  streets,  to  which  he  gave  their 
present  names.  Before  the  expiration  of  that  year,  having  been 
appointed,  jointly  with  General  Totten,  engineer  of  the  Panama  Rail- 
road, he  left  Philadelphia  for  the  Isthmus  of  Panama  in  December, 
and  in  January,  1850,  began  the  surveys  which  finally  determined  the 
route  of  that  highway  of  nations.  A  writer  In  Harper's  Montlily 
Mar/azine,  for  January,  1859,  says  of  this  undertaking:  "  Well  might 
the  hardiest  projectors  have  shrunk  from  attempting  its  construction. 
The  first  thirteen  miles,  beginning  at  Navy  Bay,  were  through  a  deep 
morass,  covered  with  the  densest  jungle,  reeking  with  malaria,  and 
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abounding  with  almost  every  species  of  wild  beasts,  noxious  reptiles 
and  venomous  insects  known  in  the  tropics.  *  *  *  Further  on, 
the  line  was  through  a  rugged  country,  along  steep  hill-sides,  over 
wild  chasms,  spanning  turbulent  rivers  and  mountain  torrents,  until 
the  summit  ridge  was  surmounted,  when  it  descended  abrui)tly  to  the 
shores  of  the  Pacific  Ocean.  Mr.  Trautwine,  after  a  cjireful  survey  of 
the  whole  line  of  Atlantic  coast  from  the  mouth  of  the  Chagres  to  the 
harbor  of  Portabello,  located  the  eastern  terminus  at  the  island  of 
Manzanilla,  on  the  bay  of  Limon,  or  Navy  Bay,  where  the  City  of 
Aspinwall  now  stands,  and  with  Mr.  J.  L.  Baldwin  as  assistant,  began 
from  this  point,  one  of  the  boldest  engineering  enterprises  ever 
attempted." 

He  prepared  a  map  of  the  Isthmus,  a  reduced  copy  of  which  will 
be  found  with  a  description,  in  the  Fkanklin  Institute  Journal 
for  January,  1871. 

Returning  from  Panama  to  Philadelphia  in  1851,  he  published,  in 
the  same  year,  the  first  edition  of  his  "Curves"  and  "Excavations  and 
Embankments,"  and  in  April,  1852,  again  sailed  for  the  Isthmus  of 
Darien,  to  seek  an  inter-oceanic  canal  route  via  the  Atrato  river.  This 
stream  flows  northward  through  New  Granada  into  the  Gulf  of  Darien, 
along  the  base  of  the  western  Andes.  Humboldt,  long  before,  basing 
his  conclusions  on  superficial  ol>servations  and  tales  of  the  natives,  had 
hinted  at  a  possible  canal  route  through  a  hoped-for  depression  in  the 
mountain  chain,  by  which  a  short  water  communication  would  connect 
the  Atrato  river  and  Pacific  Ocean.  Mr.  Trautwine,  having  surveyed 
the  Gulf  of  Darien  and  the  several  mouths  of  the  Atrato,  ascended  that 
river  to  its  source,  diverging  to  examine  its  principal  tributaries. 
Crossing  the  dividing  ridge  between  the  Atrato  and  San  Juan,  he 
descended  the  latter  river  to  the  Pacific  Ocean,  finding  the  fabled 
Canal  of  Raspadura,  long  believed  to  exist  between  the  head  waters  of 
the  two  rivers,  and  through  which  canoes  were  said  to  pass  from  ocean 
to  ocean,  u  hill,  up  and  down  which  canoes  were  dragged  in  their 
passage.  Having  examined  the  Pacific  coast-line  bordering  the  western 
Andes,  he  crossed  the  range  at  various  points,  ultimately  deciding  upon 
a  canal  route  from  the  Atrato,  at  A'^igia  Curbarador,  to  Cupica  Bay 
on  the  Pacific,  as  the  least  inatlvisal)le.  The  cost  he  estimated  at 
$325,000,000.  A  detailed  report  of  this  survey  was  published  in  the 
Franklin  iNs-rirrTE  Jot.itNAf,  for  1854,  and  afterwards  in  book 
form,  with  lithogra[)hic  illustrations  and    maps  by  the  author.     As  a 
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summaiy  he  says,  in  this  report :  "  T  have  coasted  and  boated  along 
both  sides  of  the  region  comprised  between  the  Pacific  Ocean  (from 
Panama  to  Bueua  Ventura),  on  one  side,  and  the  Caribbean  Sea,  the 
Atrato,  and  the  San  Juan  on  the  other  side ;  and  have  crossed  it  both 
at  the  site  of  tlie  Panama  Railroad  and  at  three  other  points  more  to 
the  south.  From  all  I  could  see,  combined  with  all  I  have  read  on 
the  subject,  I  cannot  entertain  the  slightest  hope  that  a  ship-canal  will 
ever  be  found  practicable  across  any  part  of  it.  When  I  employ  the 
word  practicable  it  is  meant  in  a  practical  sense." 

Of  this  survey,  Admiral  Davis,  in  his  Report  on  Interoceanic  Canals 
and  Railroads,  made  in  1867,  to  the  Secretary  of  the  Navy,  states  that 
subsequent  explorations  have  confirmed  both  the  details  and  general 
results. 

Mr.  Trautwine  next  examined  and  reported  upon  the  harbor  of 
Arecibo,  in  Porto  Rico,  after  which,  and  until  1855,  he  acted  as  en- 
gineer of  the  Coal  Run  Railroad,  in  northeastern  Pennsylvania.  His 
right  arm  was  crushed  between  two  iron  coal-cars,  of  new  design, 
which  he  was  examining  at  Port  Richmond,  when  the  accident 
occurred.  The  loss  of  his  arm,  however,  did  not  materially  interfere 
with  his  surveys,  literary  work,  or  even  his  designing  and  art-work. 
Claiming  that  power  resided  in  the  mind  rather  than  in  the  member, 
and  that  the  will  and  intelligence  of  the  former  should  soon  teach  an 
unaccustomed  intrument  to  excute  its  purposes,  he  demonstrated,  by 
his  after-work,  the  correctness  of  his  view. 

In  1856  he  surveyed  the  Lackawanna  and  Lanesboro  Railroad  in 
northeastern  Pennsylvania.  In  1857  he  again  left  the  United  States 
for  Honduras,  where  he  surveyed  the  route  for  an  inter-oceanic  rail- 
way, passing  through  Comayagua,  the  capital.  This  survey  was  com- 
pleted the  following  year.  War  in  the  United  States,  a  year  later, 
interfered  with  the  further  progess  of  this  enterprise,  which  some  time 
afterward  interested  the  late  Emperor  Napoleon  III,  but  was  never 
executed. 

In  1858,  by  invitation  of  Sir  John  A.  Macdonald,  Premier  of  Canada, 
he  examined  and  reported  upon  the  harbor  of  Montreal,  with  a 
view  to  its  increased  adaptability  as  a  port  of  entry,  arranging  a  new 
system  of  docks  for  that  city.  In  1864  he  planned  a  harbor  for  Big 
Glace  Bay,  Nova  Scotia,  and  soon  afterwards  reported  upon  a  system 
of  water-supply  for  Rochester,  New  York. 

After   this  time   he  occasionallv  acted  as   consulting   engineer,  or 
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testified  as  an  expert,  when  engineering  questions  were  involved,  but 
otherwise  retired  from  tiie  active  duties  of  his  profession,  devoting 
himself  to  study,  tlie  investigation  of  al)stract  engineering  problems, 
and  the  constant  revision  of  his  published  works.  In  LS71  the  first 
edition  of  the  "Engineers'  Pocket  Book"  appeared.  This  work, 
which  was  the  product  of  a  life  coeval  with  the  development  of  modern 
engineering  science,  immediately  receiveil  the  favor  of  the  profession  ; 
more  than  twenty  thousand  copies  having  been  issued  since  that  date. 
Several  years  since,  he  associated  with  himself,  in  the  work  of  revising 
his  publications,  his  son,  John  C.  Trautwine,  Jr.,  and  within  the  past 
year  practically  yielded  to  him  the  task  which  was  manifestly  growing 
too  great  to  continue.  His  health  had  been  growing  woi'se  for  a  long 
time,  and  since  the  spring  of  1883  he  suffered  from  extreme  and 
gradually  increasing  prostration,  superinduced,  without  doubt,  by 
excessive  exposure  in  his  earlier  life.  He  continued  al  work,  however, 
until  within  two  weeks  from  the  time  of  his  death,  growing  weaker 
from  day  to  day,  but  striving,  to  the  last,  to  effect  by  will  and  inge- 
nuity, the  loss  of  physical  vitality.  During  the  night,  two  days  before 
he  died,  he  asked,  toward  morning,  "What  time  is  it?"  His  son  told 
him  the  hour,  and  he  replied,  "The  steamer — the  steamer  from  As])in- 
wall — our  passage — from  New  York."  A  few  moments  later  he 
exclaimed,  "  Honduras — Europe — Europe  I"  his  mind  in  the.se  last 
hours,  mechanically  retracing  the  eventful  periods  thirty  years  past. 
He  died  quietly,  and  apparently  without  pain.  His  widow  survives 
him,  with  two  .sons,  William  Trautwine,  conveyancer,  and  John  C. 
Trautwine,  Jr.,  civil  engineer;  liis  only  daughter,  Mrs.  Sasan  R. 
MacManus,  having  died  two  years  previously. 

Mr.  Trautwine  was  a  member  of  the  Franklin  In.-titute,  the  Academy 
of  Natural  Sciences,  the  American  Philosophical  Society,  the  Historical 
Society  and  other  learnwl  bodies,  and  frequently  contributed  to  their 
publications,  and  to  other  journals,  articles  on  technical  and  .scientific 
subjects. 

As  a  mineralogist  he  was  widely  known,  and  enjoyed  the  friendship 
of  Dana,  Brush,  Rand,  Roepjur  and  others  eminent  in  this  science. 
His  collection  of  mineral  specimens  was  one  of  the  most  uni(jue  in  this 
country. 

Whether,  in  future  years,  iiis  reputation  will  rest  mainly  on  his 
explorations  or  his  writings,  cannot  now  l)e  dcterminetl.  Through 
each,  he  attained   a   world-wide  celebrity.     He  was  the  fii'st  man  to 
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supply  both  accurate  and  comprehensive  knowledge  of  the  Isthmus  of 
Darien.  All  subsequent  explorers  refer  to  his  work,  confirming  its 
results ;  and  it  is  probable  that,  a  century  hence,  his  name  will  be  as 
closely  identified  with  schemes  of  inter-oceanic  communication  as  it  is 
to-day.  His  published  writings,  on  the  other  hand,  are  the  text-books 
of  the  engineering  profession ;  his  name  being  related  to  it  as  that  of 
Gray  to  botany,  or  Dana  to  mineralogy ;  and,  under  the  editorial  care  of 
his  son,  who  was  favored  with  his  special  instruction,  the  present 
standard  of  his  "  Pocket  Book,"  and  other  works,  will  doubtless  be 
maintained. 

At  the  close  of  this  review  of  a  varied  and  pre-eminently  useful  life, 
it  will  suffice  to  say  that,  at  the  time  of  his  death,  which  occurred  at 
the  age  of  seventy-three  years,  Mr.  Trautwine  stood  in  the  foremost 
rank  of  his  profession. 

Tho.  U.  Walter, 
Jos.  M.  Wilson, 
Fred.  Graff. 


Franklin    Institute 


[Proceedings  of  the  Stated  Meeting,  held  October  17,  1883.] 

Hall  of  the  Institute,  Oct.  17,  1883. 

The  meeting  was  called  to  order  at  the  usual  hour,  with  the  Presi- 
dent, Wm.  P.  Tatham,  in  the  chair.  There  were  present  71  members 
and  17  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers,  and 
reported  that  at  the  stated  meeting  of  the  Board,  held  Wednesday, 
October  10th,  6  persons  had  been  elected  to  membership.  He  also 
reported  the  minutes  of  the  several  standing  committees.  There  were 
no  reports  of  special  committees,  and  no  papers  announced. 

The  Secretary's  report  embraced  some  remarks  on  Professor  S.  P. 
Thompson's  recent  work,  advocating  the  claims  of  Johann  Phillipp 
Reis,  to  be  recognized  tis  the  first  discoverer  of  the  electric  transmission 
of  speech,  and  the  inventor  of  devices  and  instruments  corresponding 
in  their  construction  and  objects  with  those  now  used  in  what  is  known 
as  the  Bell  system  of  telephony ;  a  description  of  the  electrical  railway 
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system  of  Mr.  Leo  Daft ;  and  an  abstract  of  the  impending  changes  in 
the  British  Patent  Law. 

A  specimen  of  the  "  Compound  Wire "  of  the  Postal  Telegraph 
Company  of  Xew  York  was  shown  and  de.scribed.  It  consists  of  a 
steel  wire  core  weighing  200  pounds  to  the  mile  and  having  a  tensile 
strength  of  1 650  pounds,  on  which  copper  is  deposited  by  the  electro- 
plating process  to  any  desired  thickness.  At  the  present  time,  the 
factory  at  Ansonia,  Conn.,  has  in  use  for  the  purpose,  twenty-five  large 
dynamo  machines,  depositing  about  10,000  pounds  of  copper  per  day. 
The  copper  is  dejiosited  uniformly  over  the  whole  surface  of  the  steel 
wire,  the  latter  being  passed  slowly  and  continuously  through  the 
depositing  solution,  the  time  required  from  its  entrance  to  its  emergence 
as  finished  "compound  wire"  being  00  hours,  in  which  time  a  copper 
deposit  is  obtained  equivalent  in  weight  to  500  pounds  per  mile.  On 
the  present  scale  of  working  about  50  miles  of  the  wire  are  in  the 
solution  at  all  times.  The  compound  wire  is  claimed  to  have  a  number 
of  advantages  over  the  iron  wire  now  in  use  for  telegraphic  purposes, 
of  which  the  more  noteworthy  are — much  greater  conductivity,  greater 
tensile  strength,  greater  durability,  cheapness  as  to  first  cost  and  main- 
tenance as  compared  with  iron  wire  of  the  same  conductivity,  and  low 
resistance,  enabling  fewer  cells  of  battery  and  currents  of  very  low 
tension  to  be  used,  and  insuring  uninterrupted  communication  in  all 
kinds  of  weather. 

An  improved  gasoline  lamp  for  the  use  of  plumbers  and  others 
requiring  a  portable  flame  for  melting,  soldering,  and  kindred  work, 
was  also  shown  on  behalf  of  Mr.  Ingram,  of  Philadelphia. 

Dr.  I.  Kitsee,  of  Cincinnati,  wa.s  then  invitetl  to  de.scribe  his 
Automatic  system  for  the  Detection  of  Fire-damp  in  Coal  Mines  by 
electrical  means. 

Dr.  Kitsee  made  some  introductory  remarks  bearing  on  the  import- 
ance of  some  reliable  automatic  means  of  detecting  the  pre.sence  of 
explosive  gases  in  mines,  to  prevent  the  frequent  recurrence  of  explo- 
sions and  calamitous  loss  of  life,  and  then  proceeded  to  describe  his 
system,  as  follows : 

"The  working  of  this  detector  or  indicator  is  very  simple.  A 
metallic  box  of  which  two  sides  are  covered  with  fine  wire  gauze  is 
enclosed  in  another  metallic  box  somewhat  larger,  with  the  same  wire 
gauze  on  the  same  sides.  A  clockwork  is  placed  between  the  walls  of 
these  two  boxes.     A  fine  silken  thread  atta(he<l  to  the  clock-spring  is 
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drawn  across  the  inner  box  and  fastened  on  the  opposite  wall  of  the 
same,  holding  the  whole  clockwork  in  check.  The  same  clockwork 
has  also  a  wheel  with  spurs  arranged  in  such  a  way  that  the  striking 
of  the  same  on  a  small  metallic  plate  connected  with  a  wire  leading 
from  a  battery,  will  close  a  broken  circuit,  as  the  wheel  itself  is  con- 
nected with  the  other  wire  of  the  same  battery.  A  common  electric  bell 
will  then  at  each  striking,  sound  the  alarm.  The  spurs  or  points  of 
this  wheel  are  in  each  apparatus  differently  arranged  to  strike  different 
numbers,  just  as  in  the  common  fire  alarm  apparatus.  The  platinum 
ends  of  two  needles  connected  with  another  battery,  are  placed  in  the 
centre  of  the  same  box  in  juxtaposition  to  each  other.  If  now  an 
electric  current  is  sent  through  the  last  circuit  wires,  strong  enough  to 
produce  a  spark  between  the  two  platinum  points  and  at  the  same  time 
there  happens  to  be  an  explosive  mixture  of  the  fire-damp  in  the  box, 
so  that  an  explosion  occurs  and  the  silken  thread  is  burned  in  conse- 
quence, the  clockwork  is  set  in  motion  and  by  making  and  breaking 
the  other  circuit  indicates  the  place  from  whence  the  alarm  comes. 

"  As  to  the  placing  of  the  apparatus  I  would  only  say  that  the  box 
or  boxes,  as  the  case  may  be,  shall  be  placed  in  different  parts  of  the 
mine,  at  intervals  of  300  feet  in  each  gallery,  securely  fastened  to  the 
roof;  to  the  roof  for  this  reason,  because,  as  is  well  known,  the  gas 
being  lighter  than  air,  may  already  have  accumulated  in  dangerous 
quantities  in  the  upper  parts  before  any  appreciable  quantity  can  be 
found  on  the  lower  levels. 

"The  wires  leading  to  and  from  the  boxes  are  placed  in  a  leaden 
tube  or  pipe,  not  only  to  prevent  accidents  to,  but  also  from  the  same. 

"The  alarm-bell  and  batteries,  as  also  the  indicating  board,  are 
placed  in  the  office  of  the  superintendent.  Every  morning  before  the 
miners  descend  to  their  work,  the  superintendent  sends  an  electric 
current  through  the  above-described  wires;  if  now,  as  an  answer,  the 
alarm  apparatus  sounds,  he  will  know  that  an  explosion  has  occurred 
in  one  of  the  boxes,  and  at  the  same  time  know  in  which  box  and  in 
what  part  of  what  gallery.  He  will  not  allow  the  men  to  resume  work 
ere  that  part  of  the  gallery  has  been  purified  by  means  of  the  air-pump 
or  by  the  other  methods  well  known  to  miners.  Should  no  answer 
follow,  he  may  rest  assured  that  his  laborers  will  be  as  safe  in  the 
coal  mine  as  in  the  best  ventilated  work-shop." 

An  exhibition  of  the  working  of  the  apparatus  was  given  at  the  close 
of  the  speaker's  remarks. 
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Some  remarks  were  presented  bv  ^Ir.  Wm.  J.  Gregory,  of  Phila- 
delphia, on  the  subject  of  subways  in  cities,  which  he  illustrated  by 
means  of  lantern  projections  of  a  number  of  views  of  notable  structures 
of  this  kind  in  Eui'opean  cities,  especially  in  London.  Mr.  Gregory 
clearly  set  forth  the  growing  necessity  of  such  subways  in  all  large 
cities,  in  view  of  the  multiplication  of  underground  pipes  for  various 
forms  of  service  (sewerage,  gas  and  water  distribution,  steam  heating, 
electric  conduits,  etc.),  and  in  view  of  the  inconvenience  and  obstruction 
to  traffic  resulting  from  the  frequent  tearing  up  of  streets  for  the  laying 
of  new  lines  or  the  repair  of  old  ones. 

Under  the  head  of  Deferred  Business,  the  report  of  the  "  Joint 
Committee  on  the  Reading  of  Papers  "  Avas  called  up  for  disposition. 
After  some  discussion,  final  action  thereon  was  postponed  until  the 
November  meeting,  and  it  was  made  the  special  business  of  that 
meeting. 

Under  Xew  Business,  Mr.  J.  "W.  Nystrom  offered  the  following 
preamble  and  resolution,  viz. : 

To  the  President  and  Members  of  the  Franklin  Institute. 

Whkreas,  The  City  of  Philadelphia  has  sudered  a  great  many  disastrous 
steam  boiler  explosions  which  could  have  been  i)revented  by  proper  i^re- 
cautions,  and 

Whereas,  There  are  now  in  use  in  the  City  of  Philadelphia  some  six 
hundred  boilers  which  have  dangerous  flat  cast  iron  heads,  and  that  either 
one  of  them  is  liable  to  explode  at  any  moment  if  in  charge  of  incompetent 
attendants,  and 

Whereas,  Such  a  great  number  of  dangerous  steam  boilers  cannot  rea- 
sonably be  removed  without  great  inconvenience  and  expense  to  the  owners 
of  these  boilers,  and 

Whereas,  It  is  known  that  the  explosions  of  this  class  of  boilers  have 
been  caused  by  iucomjietent  attendants,  be  it 

Resolved,  That  the  Mayor  and  Select  and  Common  Councils  of  the  City 
of  Philadelphia  be  respectfully  re(iuested  by  the  Franklin  Institute  to  pass 
an  Ordinance  to  the  following  efTect,  viz.  : 

Supplement  to  an  Ordinance  of  July  13,  1SG8,  entitled  an  Ordinance  regu- 
lating the  Inspection  of  Steam  Iioilerf<  in  and  for  the  Cifg  of  Philadeljthia, 
Pennsylvania. 

Section  1.  The  Select  and  Common  Councils  of  the  City  of  Philadelphia 
do  ordain,  That  from  and  after  the  1st  day  of  January,  1884,  all  engines  and 
steam  boilers  operated  in  the  City  of  Philadelphia  shall  be  run  and  in 
charge  of  only  such  engineers  as  shall  be  furnished  with  a  proper  certificate 
as  hereinafter  provided. 
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Sec.  2.  The  Chief  City  Inspector  is  hereby  authorized  and  required  to 
designate  the  time  and  place  when  and  where  all  applicants  for  a  certificate 
shall  be  entitled  to  apply  for  examination  and  shall  receive  a  certificate  if 
found  to  be  competent.  For  this  purpose  the  said  Chief  Inspector  shall  sit 
at  least  once  a  month. 

Sec.  3.  He  shall  issue  certificates  of  two  classes — the  first  to  such  parties 
as  may  in  his  judgment  be  qualified  to  have  charge  of  an  engine  and 
boilers,  the  second,  to  such  as  may  in  his  judgment  be  qualified  to  have 
charge  of  steam  boilers  in  establishments  where  no  engine  is  used. 

Sec.  4.  For  these  certificates,  which  shall  be  issued  for  one  year,  each 
l^arty  receiving  the  same  shall  pay  a  fee  of  two  dollars  for  first-class  and  one 
dollar  for  second-class  certificate. 

Sec.  5.  That  the  said  City  Inspector  shall  refuse  to  grant  a  certificate  of 
inspection  to  any  person  who  shall  maintain  or  keep  in  use  or  operation,  or 
shall  put  in  use  or  operation,  any  stationary  steam  engineer  boiler  within 
the  said  City  of  Philadelphia,  which  shall  not  be  in  charge  of  an  engineer 
duly  furnished  with  an  engineer's  certificate  as  aforesaid. 

Sec.  6.  That  whenever  the  said  City  Inspector  shall  learn  of  any  boiler 
or  engine  being  operated  otherwise  than  by  an  engineer  duly  qualified  and 
furnished  with  a  certificate  as  aforesaid  he  shall  forthwith  cancel  and  revoke 
his  certificate  of  inspection.  And  the  certificate  of  inspection  of  any  steam- 
user  who  shall  thus  attempt  to  operate  an  engine  or  boiler  without  the  care 
of  an  engineer  furnished  with  a  proper  certificate  shall  be  deemed  and 
adjudged  forfeited,  and  such  steam  user  shall  be  subject  to  all  the  pains  and 
penalties  provided  by  Act  of  Assembly  of  May  7,  1864. 

John  W.  Nystkom. 

On  motion  of  Mr.  Nystrom,  the  preamble  and  resolution  were 
referred  to  a  special  committee.  The  President  appointed  Messrs.  J. 
W.  Nystrom,  Washington  Jones,  C.  M.  Cresson,  Coleman  Sellers,  Jr., 
Thomas  Hockley,  Esq. 

Mr.  Samuel  Sartain,  on  behalf  of  Mr.  Thos.  U.  Walter,  offered  the 
following  resolutions,  which  were  adopted  without  dissenting  voice,  viz. : 

''Resolved,  That  the  members  of  the  Franklin  Institute  have  heard  with 
deep  regret  of  the  death  of  their  eminent  associate,  John  C.  Tkautwine, 
of  Philadelphia ;  also, 

''Resolved,  That,  in  view  of  his  high  professional  standing,  his  long  asso- 
ciation with  the  Institute,  and  his  personal  worth,  a  committee  be  ap- 
pointed to  draft  a  memorial  of  the  deceased,  and  that  the  same  be  published 
in  the  Journal." 

The  President  thereupon  appointed  as  a  committee  to  draft  such  a 
memorial,  Messrs.  Thos.  U.  Walter  (Chairman),  Fred'k  Graff,  and 
Joseph  M.  Wilson.     Adjourned. 

William  H.  Wahl,  Secretary. 
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THE  CHEAPEST  POINT  OF  CUT-OFF. 


By  "William  Dennis  Marks, 

Whitney  Professor  of  Dynamical  Engineering  University  of  Pennsylvania. 


Let  (FP;  =  the  desired  horse-power  of  the  engine. 

Let  P  =  the  mean  effective  pressure  of  steam  in  cylinder  in  pounds 
per  square  inch. 

Let  Pb  =  the  absolute  initial  pressure  of  steam  in  pounds  per  square 
inch. 

Let  B  =  the  absolute  back  pressure  of  steam  in  pounds  per  square 
inch,  exhaust  open. 

Let  e  =  the  fraction  of  the  volume  at  which  steam  is  cut  off. 

Let  C  =  the  constant  charges  on  engine  and  boilers  in  dollars  and 
cents. 

Let  c  =  the  fraction  of  the  volume  of  steam  used  in  any  convenient 
period  equivalent  to  the  value  of  the  constant  charges. 

Let  b  =  the  fraction  of  the  volume  of  the  steam  at  which  exhaust 
closes  being  measured  from  the  opposite  end  of  the  cylinder  from 
which  e  is  measured. 

Let  k  =  the  fraction  of  the  volume  of  the  steam  allowed  for  clear- 
ance. 

Let  V  =  the  volume  of  the  steam  cylinder,  inclusive  of  clearance. 

We  can  then  write  the  following  equation  : 

Work 

1/  — = 

Cost  of  work 

Mean  effective  pressure  X  V /i\ 

Cost  ofsteara  +  constant  charges  —  Value  of  steam  saved  by  compression        ^   ' 
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This  equation,  having  for  its  denominator  values  in  dollars  and 
cents,  must  be  rendered  houiogeneous. 

Since  'money  and  steam  are  convertible,  we  will  take  the  denomina- 
tor in  volumes  of  steam. 

The  best  method  of  obtaining  the  volume  of  the  steam  cylinder  ( V) 
and  the  clearance  (k)  is  to  fill  the  cylinder  with  water  with  the  crank 
on  the  most  distant  dead  point,  and  then  to  fill  the  clearance  with 
water.  The  weight  of  water  in  the  clearance,  divided  by  the  weight 
of  water  in  the  whole  cylinder  and  clearance,  will  give  the  value  of  k. 
Reference  to  the  diagram  will  make  this  clear. 


The  mean  effective  pressure  =  P  =  eP^      1  +  nat.  log.  -   —    -  I 

L  e  eJ 

—  B  r  1  —  6  (l  —  nat.  log.  -^^ 

For  a  cut-off  e  the  water  used  per  horse-power  per  hour  is  approxi- 
mately W  = 


859375  e 


S  jeP,   (l-f  nat.log.l  -  ^)- ^[l  -^   (l -nat.  log.|)]  |(2) 

in  which  W  =  weight  of  water  evaporated,  and  S  =  specific  volume 
of  the  steam  for  the  pressure  P,^. 

To  find  the  money  value  of  the  steam  used  we  must  multiply  this 
value  of  W  by  the  horse-power,  by  the  number  of  hours  per  day  the 
engine  is  used,  and  by  the  cost  of  steam  {i.  e.,  coal  and  water)  per 
pound. 

Equation  (1)  can  be  written  as  follows: 

PV 

y  =  ^ -w^  (3) 


[.  +  c_6|.] 


V 
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for  the  period  of  one  stroke,  and,  since  the  engine  can  be  assumed  to 
make  its  strokes  uniformly,  it  is  equally  true  for  any  period  of  time. 

To  deduce  the  value  of  c,  we  can  write,  for  the  cost  of  the  steam, 
from  equation  (2),  W^  = 

eD 


€Pb    j  1  +nat.  log.l  —  ^X  —  si  1—6  (l  —  nat.  log.  -)  | 


(4) 


859375 
in  which  the  constant  D  =    (HP)  X  hours  X  price  of  steam 

S 
per  pound. 

We  then  can  write  the  following  proportion  : 

€  :  e  ::  C 


eP,    I  1  -  nat.  log.  1  —  ^  ]-    — 
I  e         e  ) 


C 


5  /  1  -  ^  (l  +  nat.  log.  ^)  I 
Therefore  c  = 

jeA    [l+ nat.  log.l  -  ^J-^[l-6(l  +nat.log.^)]  |     (5) 
Equation  (3)  then  becomes 

ePTl  +  nat.log.^— ^1  — ^fl— 6^1— nat.log.-)] 

^  +  ^1^^"    [l  +  °^^-  ^«g-  -  -  -1  - 
i)  I  L  e         ej 


£[^l_6(l_nat.log.  ^)]|-6|-       (6) 

Differentiating  this  equation  witii  respect  to  c,  and  seeking  a  maxi- 
mum, we  have 


b\i  -b  ll  nat.  log.  ^)] 


B  1 

-\-  k  —  6  p-  nat.  log.  - 


(7) 


Giving  a  result  independent  of  the  constant  charges,  and  dependent 
only  on  the  initial  pressure,  the  back  pressure,  and  the  clearance.  It 
will   be  observed  that   the  curve  of  expansion   used  is  the  equilateral 
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hyperbola.     This  curve  coincides,  with  great  accuracy,  with  the  best 
results  derived  from  indicator  diagrams,  and  we  can  therefore  safely  use 
it  until  an  adiabatic  engine  is  produced  for  our  discussion. 
If  equations  (4)  be  accurately  written 

£6  1^ 


b--k] 


w= 

and  used  in  the  following  work,  we  would  have  the  value  of  e  increased 
by  the  following  numerically  small  quantity  : 


C       Bb 


eP^  +  nat.  log.  -^-P^k-B  |^l-i(l-nat.  log.  ^  j  J 


"  l-^Pi 


P  * 

-*  b 


Since,  however,  the  quantities  in  the  numerator  are  all  small  and 
the  quantities  in  the  denominator  give  a  relatively  very  large  product, 

we  can  neglect  this  term  without  sensible  error.     The  quantity is 

quite  small  in  a  non-condensing  engine  and  can  never  exceed  the  clear- 
ance k  in  value.  In  a  condensing  engine  it  is  usually  very  much 
smaller.  In  making  close  calculations  of  the  water  used  we  cannot 
afford  to  neglect  this  quantity,  but  it  does  not  sensibly  affect  the  point 
of  cut-off. 

The  usual  and  "  proper  "  thing  among  many  of  the  writers  of  the 
present  day  is  to  dismiss  the  isothermal  curve  with  a  condemnation 
and  to  make  use  of  the  adiabatic  curve,  but  unfortunately  for  this  curve 
it  does  not  agree  so  well  with  the  actual  curve  of  pressures  from  our 
best  engines  as  taken  with  an  indicator,  as  does  the  isothermal  curve. 

If  we  assume  no  clearance  and  no  compression,  equation  (7) 
becomes 

e  =  -  (8) 

A  law  first  stated  by  the  writer  in  the  Journal  op  the  Fkanklin 
Institute,  June,  1880. 

The  use  of  equation  (7)  will  be  found  to  give  practically  correct 
points  of  cut-off  for  non-condensing  engines. 

A  consideration  of  equation  (2)  will  reveal  why  it  is  not  possible 
to  carry  out  this  law  to  its  finality  in  the  case  of  condensing  engines. 
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It  is  not  possible  to  construct  an  engine  without  clearance,  or  to 
obtain  a  perfect  vacuum ;  but  if,  for  the  purpose  of  obtaining  an 
extreme  limit,  we  neglect  these,  equation  (2)  becomes 

]r=  constant  X /n\ 

1  (9) 

1  +  nat.  log.  i  ^  ^ 

e 
If  in  this  we  substitute  successive  values  of  e,  we  obtain  the  suc- 
cessive percentages  of  water  usetl  per  horse-power  per  hour. 

For  e  =  1     ^ =  1-00 

1  +  nat.  log.  - 
e 

For  e  =  i  ^ =  0-42 


1  -f  nat.  log, 


For  e  =  I     ^ =  0-32 


1  +  nat.  log. 


For  e  =  4-     - =  0-31 

1 
1  +  nat.  log. 
e 

The  gain  by  increasing  the  expansion  from  eight  to  nine  times 
is  l)ut  a  theoretical  one  per  cent,  at  the  outside,  and  possibly  there 
is  an  actual  loss. 

In  "  The  Limitations  of  the  Steam  Engine,"  Journal  Franklin 
Institute,  August,  1880,  the  writer  stated  as  the  law  of  the  econo- 

D 

mical  use  of  steam  for  e  =  — 

P. 

W  =  constant  X /,  rw 

1        1  (10) 

com.  log.  - 

e 

Under  this  condition,  expansion  can  probably  be  carried  farther 
in  non-condensing  engines  perhaps  as  high  as  e  =  ^  to  ^.  This 
does  not  predicate  that  less  steam  per  (IP)  per  hour  will  be  used,  as  will 
be  seen  from  equation  (2). 

Regarding  condensation,  much  yet  remains  to  be  determined.  Per- 
haps it  is  not  such  a  gigantic  obstruction  to  progress  as  we  have 
been  led  to  believe.     The  pressing  need  of  the  present  is  an  intel- 
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ligently  conducted  series  of  experiments  on  internal  condensation  in 
the  steam  cylinder. 

The  principles  here  enunciated  apply  with  equal  force  to  all  classes 
of  engines,  which  can  only  differ  in  the  amount  of  condensation, 
and  in  their  percentage  of  useful  effect. 

Mr.  Hill's  admirable  record  of  the  competitive  tests  made  at  The 
First  Miller's  International  Exhibition,  Cincinnati,  1880  would  show 
great  leakage  past  the  valves  and  the  pistons  of  the  engines  of  the 
makers  who  then  exhibited. 

The  diagrams  show  the  initial  pressure  before  the  cut-off  was  reached 
to  fall  so  rapidly  as  to  force  us  to  assume  the  initial  pressure  to  be  sus- 
tained up  to  expansion  and  to  compute  the  value  of  e. 

This  can  be  done  by  means  of  formula  (2)  which  gives,  when  accu- 
rately written, 

W8P    ,  Bb  .... 

=  e  (11) 


859375     Pb 
or  can  be  deduced  from  the  mean  effective  pressure. 

P  +  P.^  +  ^[l-6(l-|)] 

(12) 


P,^l+nat.  log.l) 


The  values  of  all  the  quantities  in  the  latter  formula  can  be  formed 
with  practical  accuracy  from  the  diagram  and  engine  save  e  and  this 
can  be  fixed  approximately  from  the  diagram  for  a  first  log  and  the 
successively  nearing  values  used  until  the  desired  accuracy  is  reached. 
Logarithms  do  not  vary  rapidly  so  the  approximations  will  be  few  in 
cases  demanding  great  accuracy.  If  by  o  we  denote  the  percentage  of 
the  volume  at  release  we  have 

P=eP,  (l  +  nat.  log.  ^^- :^^)-  js(l  -6  Tl  -nat.  log.  |])(13) 

The  indicator  diagram  if  it  can  be  relied  upon  would  show,  in  the 
present  case  at  least,  that  to  neglect  o  would  not  introduce  so  great  an 
error  as  to  use  it. 

The  values  of  IF  as  given  in  the  table  are  Mr.  Hill's  values  cor- 
rected for  the  differences  in  the  quality  of  the  steam. 

The  current  practice  among  engineers  of  using  the  terminal  pressure 
to  determine  the  specific  volume  of  steam  must  necessarily  introduce 
great  errors,  because  the  specific  volume  of  steam  at  low  pressures 
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varies  enormously  for  very  slight  changes  of  pressure,  and  a  very  small 
error  of  either  the  instrument,  or  of  measurement,  will  greatly  alter  the 
result. 

The  best  experimental  method  of  fixing  the  point  of  cut-off  is  to 
place  an  indicator  on  the  steam-chest.  A  sudden  jog  in  the  line  will 
mark  the  points  of  opening  and  closing  the  steam  valves.* 

We  can  then  use  -S'  for  the  initial  pressure  with  much  less  proba- 
bility of  error  in  the  results. 

The  mean  effective  pressure  can  be  calculated  in  the  usual  way,  or 
taken  from  the  diagram. 

Mr.  Hill  states  that  "The  steam  per  hour  by  the  diagram  is  the 
weight  of  steam  to  release  less  weight  for  steam  retained  for  cushion." 

If,  however,  we  make  the  calculation  of  steam  at  initial  pressure, 
we  have,  as  already  stated 


^  -         SP 


X  859375 


(14) 


The  following  summary  is  taken  from  Mr.  Hill's  Report,  and  is 
only  changed  in  form  so  as  to  render  the  application  of  the  formulae 
convenient. 


Condensing  Trials. 

Non-Condensing  Trials. 

Reynolds 
Corliss. 

Harris 
Corliss. 

Wheelock. 

Reynolds 
Corliss. 

Harris 
Corliss. 

j  Wheelock 

1 

Barometer 

lbs. 
14-.56 

lbs. 
1447 

lbs. 
14-31 

lbs. 
14^58 

lbs. 
1447 

i       lbs. 
1444 

P^  Initial  press.,  ah. 

105^65 

104-55 

102-40 

101^57 

103^99 

102-94 

Back  pressure,  abs... 

4-45 

3^a5 

4-71 

15^33 

14^89 

15-40 

Mean  effective  pres.. 

a5-40 

35^67 

33-94 

29-78 

28^94 

29-36 

Wtofstpr  HPprlir 

14-067 

13^755 

13-762 

17^420 

17^220 

19-674 

Speclflc  volume 

255^07 

257-49 

262-28 

257^49 

258^70 

260-90 

Ind.H.P 

162-99 

165-58 

158^;« 

137^02 

134-29 

139-97 

•0258 

-0189 

Exp  ^023 
Com  014 

•0258 

•0189 

Exp.    -023 

-08 

•1382 

•0552 

•1065 

•1365 

-0968 

Exhaust  opens 

-952 

-922 

•935 

•956 

•952 

-956 

f  Mr.  Hin-R. 
J  From  (liaeram... 
*■•  j  Calculated  from 
(.     formula  11 

•150 
•151 

-144 
•151 

•157 
•147 

•185 
•171 

•157 
•170 

-194 
1              -190 

*  Suggested  by  J.  Sellers  Bancroft. 
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It  will  be  noted  that  the  order  of  rating  in  economy  of  weighed 
steam  from  the  boilers  at  the  trials  of  Mr.  Hill  is  precisely  that  given 
by  the  computed  values  of  e. 

It  will  further  be  noted  that  the  engine  having  the  lightest  load, 
and  consequently  the  earliest  cut-off  was  the  one  awarded  the  greatest 
economy  of  steam  in  the  several  trials,  noncondensing  and  condensing. 

The  excess  over  the  others  of  -^^  of  an  inch  in  the  bore  of  Mr. 
Wheelock's  engine  was  not  an  error  which  diminished  the  probability 
of  great  economy  of  steam,  but  the  fact  of  its  having  the  heaviest  load 
and  the  least  initial  pressure  in  the  non-condensing  trial  brought  the 
economy  of  the  engine  below  that  of  the  others,  although  this  engine 
was  awarded  the  greatest  economy  in  the  condensing  trial  in  which  it 
had  the  lightest  load  and  the  earliest  computed  cut-off,  but  not  the 
was  greatest  initial  pressure.  The  Harris-Corliss,  for  the  same  reasons, 
was  awarded  the  greatest  economy  for  non-condensing.  These  points 
are  of  value  as  bearing  directly  on  the  question  of  increase  of  economy 
with  greater  expansions. 

The  value  of  e  giving  greatest  economy  of  steam  under  the  assump- 
tions as  to  the  expansion  and  neglecting  o  can  be  computed  from  equa- 
tion (7),  and  the  water  per  IP  per  hour  can  be  computed  from  Eq  (14). 


TABLE   OF   LIMITING   MINIMUM   VALUES— COMPUTED 

• 

Condensing. 

NON-CONDENSING. 

Reynolds 
Corliss. 

Harris 
Corliss. 

Wheelock 

Reynolds 
Corliss. 

Harris 
Corliss. 

Wheelock 

Minimum  cut-off,  Cq 

Minimum  mean  eff. 
pressure,  Po 

Minimum  weight  of 
water  per  H. P.  per 
hour,  Wt, 

Minimum'H  P 

•059 
16-53 

11-22 

above 

75 

-042 
12-51 

10-14 

above 

46 

•069 
18-25 

11-97 

above 

95 

•151 
26^45 

16-83 
119^ 

•139 

21^67 

16-80 
116-5 

•160 
27-47 

17-50 
181- 

All  of  these  calculations  have  been  made  under  the  assumption  that 
the  steam  weighed  from  boilers  is  all  accounted  for  by  the  diagram, 
which  is  not  absolutely  true,  but  would  seem  from  Mr.  Hill's  results 
to  be  proportionally  true  with  a  close  approximation,  since  the  pro- 
portion of  weighed  steam  [calculated  from  volumes  of  water]  was  to 
the  steam  shown  by  the  indicator  as  4  to  3  or  thereabouts  for  both 
condensing  and  non-condensing  engines. 
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These  experiments  are  utterly  valueless  for  the  purpose  of  determin- 
ing the  amount  of  condensation,  since  these  engines,  presumably  made 
with  all  the  care  and^^skill  of  experienced  makers,  leaked  so  badly 
■when  warmed  up  that  the  clearance  could  only  be  gotten  approxi- 
mately, 

.In  the  matter  of  the  proportion  of  water  accounted  for  by  the  indi- 
cator, we  should  have  a  series  of  experiments  conducted  with  every 
precaution  observed  by  Mr.  Hill,  but  the  steam  pressures  should  be 
varied  through  a  wide  range. 

For  each  steam  pressure  the  point  of  cut-oif  should  be  varied 
throughout  the  stroke  at  regular  intervals  of  say  one-tenth  or  less,  and 
of  course,  the  load  with  it.  In  fact  it  would  perhaps  be  best  to  use  an 
automatic  cut-off  and  vary  the  load,  leaving  to  it  the  adjustment  of  the 
cut-off. 

The  thermal  values  of  the  steam  must  be  most  scrupulously  deter- 
mined at  the  boiler,  at  the  steam-chest  and  at  the  exhaust. 

Leaks  at  the  piston  could  be  almost  perfectly  prevented  by  simple 
temporaiy  precautions  as  to  the  piston  packing  during  the  experi- 
ments. 

Finally,  each  set  of  experiments  should  be  made  sufficiently  long  to 
eliminate  accidental  errors.  Particular  attention  should  be  paid  to  the 
indicator,  as  its  errors  are  sometimes  greater  than  would  be  believed 
when  in  good  (?)  working  order,  and  when  out  of  order,  or  in  any  way 
dirty,  it  is  utterly  valueless.  Something  better  than  any  of  our  present 
indicators  must  be  devised  to  be  of  any  accurate  scientific  value  or  to 
obtain  tlie  faith  of  any  one  save  for  rudely  approximate  work  and  for 
everyday  practice  in  steam  engine  designing. 

Fortunately  this  difference  of  actual  and  indicated  steam  does  not 
afiect  the  point  of  cut-off  materially  in  most  ca.ses.  The  exception 
may  arise  with  great  compression. 

The  actual  conditions  as  to  back  pressure  (J?),  clearance  {k),  and  com- 
pression (6)  are  not  altered  in  the  last  computations. 

The  results  in  the  last  table  are  obtained  by  the  use  of  the  following 
formulae  : 


B,  =  B[\—bl\u^iAogJ'\'] 


5,    ,    ,        bB      ,  ,        1 

«o  =  p'  +  A;  —  ---  nat.  log.  _ 
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Po  =  ^[^0  +  ^0  nat.  log.  1-k'^-B, 

859375  C?„—£^' 
W.  = 


V'      R 


') 


0  —        p  (s; 


Minimum  and  cheapest  horse  power  =r  — 5  X  Indicated  IP. 

The  dimensions  h  and  h  are  more  accurately  taken  from  the  engine 
than  from  the  diagram,  which,  while  giving  a  good  average,  is  rarely 
exact  at  any  particular  place. 

The  theoretical  minimum  results  for  condensing  trials  are  not  closely 
calculated  because  they  do  not  surely  indicate  accurate  attainable  results, 
but  serve  merely  to  show  in  what  direction  progress  must  be  made. 

Right  here  our  knowledge  is  deficient,  and  we  must  have  more  data 
regarding  condensation  before  attempting  to  accurately  predict  real 
results  at  high  expansions. 

Concentration  of  power  is  lost  with  increasing  economy  of  steam. 
It  is  a  very  important  attribute  of  the  steam  engine,  bearing  directly 
upon  its  efficiency  as  a  machine. 

Mr.  Hill's  experiments  on  the  condensing  engines  prove  most  con- 
clusively, within  the  narrow  limits  as  to  expansion  which  he  set  by  his 
conditions  of  trial  and  size  of  engine  cylinders,  that  increased  expansion 
meant  increased  economy  of  steam.  Even  with  the  slight  variations 
of  load  and  steam  pressure  which  he  could  hardly  have  prevented,  his 
award  as  to  economy  of  steam  was  a  matter  of  chance. 

It  is  not  worth  while  to  reopen  a  much  disputed  question  by  making 
the  proper  correction  so  as  to  show  which  really  was  the  most  economi- 
cal engine. 

With  the  method  of  testing  used,  without  corrections,  any  one  of 
these  evenly-matched  engines  could  have  apparently  shown  itself  the 
superior  with  slightly  favoring  conditions  or  variations  in  the  load  or 
the  initial  pressure. 

The  influence  of  compression  and  clearance  and  of  condensation  may 
be  discussed  in  a  future  paper. 

Those  interested  in  condensation  and  its  causes  should  read  the 
researches  of  M.  Hirn,  translated  by  Prof.  Smith,  in  the  Journal  of  the 
Association  of  Engineering  Societies,  Nos.  1,  8,  9,  10  and  11,  of  Vol.  I, 
and  Nos.  3  and  7  of  Vol.  II. 
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It  is  to  be  regretted  that  no  readily  applicable  law  of  the  condensa- 
tion has  been  developed  by  his  work.  One  point  is  clear,  a  very  large 
condensation  usually  occurs  with  saturated  steam. 

In  closing  this  already  too  long  paper,  we  would  add  that  we  do  not 
wish  to  create  the  impression  that  Mr.  Hill  has  omitted  any  known 
precautions  or  has  been  lacking  in  skill  or  vigilance.  It  is  the  great 
superiority  of  his  records,  and  his  careful  attention  to  every  detail,  that 
has  enabled  us  to  verify  our  own  mathematical  investigation  of  the 
physical  action  of  steam.  The  writer  is  under  very  great  obligation 
to  him. 

PhUadelphia,  November  6,  1883. 


EXPERIMENTS  UPON  NON-CONDUCTING  COVERINGS 
FOR  STEAM  PIPES. 


By  Prof.  John  M.  Ordway,  Boston,  Mass. 

[Read  before  the  American  Society  of  Mechanical  Engineers,  November,  1883.] 


In  undertaking  an  investigation  of  ste<im  pipe  coverings  it  was 
necessary,  in  the  first  place,  to  decide  what  method  or  methods  should 
be  used  for  determining  their  efficiency  as  non-conductors  of  heat.  I 
have  met  with  no  recorded  experiments  of  which  the  details  are  given 
in  full,  but  it  seems  that,  in  general,  two  modes  have  been  heretofore 
employed.  In  one — the  air  chamber  method — a  portion  of  the  covered 
pipe,  while  in  use,  is  inclosed  in  a  small  box  so  as  to  form  a  close 
chamber  into  which  the  bulb  of  a  thermometer  is  inserted.  The 
inverse  ratio  of  the  temperatures  indicated  by  the  thermometer  in 
different  trials  is  supposed  to  show  the  relative  excellence  of  the  dif- 
ferent coverings. 

In  the  second,  or  condensation  method,  the  steam  is  allowed  to  pass 
from  the  main  pipe  out  into  a  side  branch  covered  with  the  substance 
in  question,  and  so  arranged  that  whatever  water  is  formed  in  an  ob- 
served number  of  minutes  may  be  drawn  off  from  time  to  time  and 
weighetl  or  measuretl.  The  water  is  reckoned  as  having  parted  with 
as  much  latent  hcjit  as  is  contained  in  that  weight  of  dry  steam. 

As  to  the  air  chamber  method,  it  might  be  thouglit  easy  to  carry 
out,  but  it  is  difficult  to  fit  a  box  of  any  kind  so  closely  to  the  cover- 
ing that  there  will  be  no  circulation  (»f  air  into  and  out  of  the  inclosed 
space.  Of  course,  a  lack  of  tightness  will  fatally  vitiate  the  experi- 
ment.    Again,  a  box  surrounding  the   pipe  and  covering,  presents  a 
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large  radiating  and  cooling  surface  as  compared  with  the  covering  itself; 
and  there  is  no  ready  way  of  determining  the  amount  of  this  continual 
radiation  which  increases  with  the  temperature  of  the  air  within  the 
chamber.  There  is  no  perfect  non-conductor  wherewith  we  can  sur- 
round the  air  chamber,  so  as  to  confine  therein  all  the  heat  received. 
If  we  could  prevent  all  outward  radiation,  the  cavity  would  sooner  or 
later  acquire  the  temperature  of  the  steam  in  the  pipe,  and  all  coverings 
would  finally  give  the  same  results.  The  only  way  to  make  useful 
observations  would  be  to  start  with  everything  cold,  and  find  the  time 
required  to  raise  the  air  in  the  chamber  to  a  given  temperature.  This 
is,  however,  hardly  practicable. 

We  cannot  obtain  absolute  or  quantitative  results  by  this  method, 
and  the  comparative  figures  require  indeterminable  corrections.  Still 
it  was  thought  advisable  to  try  this  plan  among  others,  and  see  how 
far  the  results  would  correspond  to  those  found  by  more  definitive 
modes.  Accordingly,  an  apparatus  was  devised  and  used  for  this  pur- 
pose, consisting  of  pieces  of  white  pine  plank,  squared  and  rabbetted 
at  the  ends,  to  which  wooden  braces  were  firmly  screwed  on.  A  two- 
inch  tube  was  bored  from  the  inner  side,  two-thirds  through,  to  form 
a  cylindrical  chamber.  The  inner  side  was  then  planed  out  so  that 
the  concavity,  when  properly  lined  should  exactly  fit  the  covering  to 
be  tried.  A  hole  was  bored  from  the  top  edge  into  the  cylindrical 
chamber,  and  concavity  and  chamber  were  both  lined  with  a  thick 
woolen  blanket. 

When  used  for  testing,  the  halves  are  clamped  on  the  pipe-covering 
with  four  iron  rods  and  tightened  to  a  close  fit  with  thumb  nuts. 
Thermometers  are  let  down  into  the  chambers,  a  little  cotton  wool  being 
crowded  in  around  the  stems,  to  prevent  the  ingress  of  cold  air. 

The  two  chambers  so  applied  serve  to  check  each  other ;  for  if  the 
thermometers  differ  much,  there  is  a  defect  in  the  adjustment.  A  dif- 
ference of  two  or  three  degrees,  however,  may  occur,  on  account  of  an 
inequality  in  the  two  sides  of  the  covering  itself. 

The  condensation  method  is  indirect,  and  therefore  a  little  uncertain. 
It  necessarily  assumes  that  the  pipe  is  all  the  time  filled  with  dry 
.steam.  But  we  can  hardly  expect  to  have  pure  steam  when  its  genera- 
tion is  going  on  rapidly,  and  the  vapor  passes  off  through  a  long  pipe 
which  is  all  the  time  radiating  heat.  We  can  justly  expect  only  a  mix- 
ture of  real  steam  with  more  or  less  mist.  And  if  this  mist,  which 
has  already  lost  its  500°  C  of  latent  heat,  is  reckoned  as  invisible 
steam,  our  figures  will  not  give  the  exact  truth. 
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And  then  again,  l^esides  the  two  or  three  feet  of  pipe  with  the  cov- 
ering to  be  tried,  there  are  necessarily  the  cap  and  other  fittings  which 
will  lose  heat  in  spite  of  any  wrapping  that  we  may  put  around  them. 
The  gross  results,  therefore,  need  to  be  corrected  by  the  amount  due  to 
the  condensation  by  that  portion  of  the  branch  which  is  not  protected 
by  the  covering.  It  is  quite  possible  to  find  the  amount  of  this  cor- 
rection, if  one  has  the  material  of  the  covering  so  that  he  can  apply  it 
himself  and  make  it  uniform.  Thus  we  may  cover,  say  three  feet  of 
pipe,  wrap  the  fittings  with  a  good  non-conductor,  and  make  trials 
enough  to  get  a  fair  average.  Then  we  may  cut  off  one  foot  of  the 
pipe  and  covering,  keeping  the  other  parts  and  their  wrappings  exactly 
the  same  as  before,  and  make  a  second  series  of  trials.  Now,  let  x  be 
the  amount  of  condensed  water  due  to  the  three  feet  of  coating,  and  y 
that  due  to  the  fittings.     Having  found  for  one  hour  x  -\-  y  z=  a,hy 

the  first  trials,  and  by  the  other  set  —    -f-  y  =  6 ;  by  combining 

o 

these  equations  we  get  x  =  3  (a — b) ;  and  -    =  a — b  =  condensation 

o 

per  foot  per  hour. 

If  cutting  tlie  pipe  is  not  feasible,  the  deduction  to  be  made  may 
presumably  be  ascertained  in  another  way.  First,  determine  the 
whole  condensation  by  the  covered  pipe  and  the  well  wrapped  fittings. 
Secondly,  strip  off  the  covering  and  try  the  naked  pipe  with  the 
wrapped  fittings.  Thirdly,  wrap  the  pipe  just  like  the  fittings  and 
make  more  trials.  Lastly,  strip  off  the  wrappings  from  pipe  and 
fittings  and  try  all  naked. 

Now  let  X  =  the  amount  of  condensation  by  the  naked  pipe  alone ; 
y  =  that  by  the  naked  fittings;  z  =  that  by  the  wrapped  pipe  alone; 
w  =  that  by  the  wrapped  fittings ;  and  u  =  that  by  the  covering  in 
question. 

By  the  last  determination  above  mentioned  we  have  found  x  \-  y 
=  a;  by  the  second,  x  -j-  ic  =  b ;  by  the  first,  u  -^  z  ^  d;  and  by 
the  third,  z  -\-  ir  z=  c.  We  may  fairly  assume  that  x  :  y  ::  2  :  w, 
or  xw  =  yz.  Then  by  the  various  eliminations  and  substitutions,  wc  have 


u  =  d-^^j=Ai 
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In  an  actual  trial,  the  result  of  which  is  given  in  No.  25  of  the 
appended  table,  the  slag  wool  enclosed  in  straw  board,  supported  by 
plaster  rings  at  the  ends,  made  altogether  a  covering  21  inches  long. 
The  extra  pipe  and  the  fittings  were  well  wrapped  with  cotton  wool, 
and  the  condensation  was  found  d  =  108*6  grams  per  hour.  Remov- 
ing the  slag  wool  covering,  it  was  found  that  6  =  354  grams.  Re- 
placing the  covering  by  cotton-wool  wrapping,  it  appeared  that  c 
:=  105'3  grams.  With  all  wrappings  stripped  off,  it  proved  that  a 
=  428  grams. 

Hence,  by  substituting  these  values  in  the  above  formulae,  we  find 

a;  =  316-7;    3/ =  111-3;    w  =  27-3 ;    2  =  77-7;    w  =  81-3,     Then 

12 

X  81-3  =:  46-5  grams  per  foot  per  hour. 

21 

[For  making  trials  by  condensation,  the  author  showed  drawings  of, 
and  described  an  arrangement,  consisting  of  the  mean  steam  pipe ;  a  T 
by  means  of  which  the  steam  may  pass  freely  through  the  nipple,  and 
an  elbow  into  a  branch  pipe  with  its  covering.  A  bit  of  India  rubber 
tube,  attached  to  a  stop  cock  connected  with  a  cap,  allows  the  con- 
densed water — when  the  cock  is  opened  a  little — to  pass  into  a  glass 
flask  without  direct  exposure  to  air  currents.  All  of  the  uncovered 
parts  of  the  branch  pipe  are  wrapped  with  cotton  wool.  The  angle  of 
inclination  is  such  that  whatever  condenses  in  the  elbow  runs  back 
into  the  main  pipe,  unless  it  remains  suspended  as  mist,  and  is  swept 
forward.] 

As  to  the  question  of  mist,  I  see  no  way  of  settling  it  except  by 
combining  the  condensation  method,  including  the  correction  given 
above,  with  the  calorimetric  method  now  to  be  described. 

The  calorimetric  method,  besides  being  direct  and  absolute,  seemed 
to  me  to  promise  a  closer  approximation  to  tlie  truth  than  any  plan 
used  hitherto.  To  carry  it  out,  a  contrivance,  specially  devised  by  the 
author,  was  provided  of  different  sizes  to  suit  different  coverings. 

[There  was  shown  a  transverse  section  of  the  pipe,  covering  and  a 
pair  of  calorimeters,  a  longitudinal  section  through  a  portion  of  the 
apparatus,  an  end  view  of  the  calorimeter,  and  a  view  of  the  same  as 
seen  from  above. 

The  calorimeters  are  made  of  sheet  brass  No.  29,  and  are  so  shaped 
that  when  clamped  together  they  may  completely  and  closely  include 
a  portion  of  the  pipe  covering.  A  tube  serves  for  the  introduction  of 
water,  and  the    subsequent   insertion    of  the   thermometer,    which    is 
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retained  in  place  by  a  perforated  cork.  Another  pipe  in  the  bottom 
serves  for  drawing  off  the  water  by  removing  the  cork.  A  glass  tube, 
attached  by  a  caoutchouc  connector  to  a  small  brass  tube  in  the  end, 
shows  the  height  of  the  water.  The  top  piece,  to  the  inner  sides  of 
which  are  soldered  slotted  brass  plates,  allows  a  wooden  paddle  to  l>e 
swung  back  and  forth  on  a  brass  pin,  to  equalize  the  temperature  of 
the  water.  The  perforated  brass  ears  and  the  binding  rods,  with  the 
thumb  nuts,  furnish  the  means  of  clamping  the  two  halves  over  the 
pipe  covering.  Thick  wooden  washers  give  a  chance  to  turn  the 
thumb  nuts  past  the  edge  of  the  slanting  bottom. 

A  diiferent  mode  of  clamping  was  described  by  the  author  and 
illustrated  in  perspective  and  sectional  views.  In  this,  pine  wood 
braces,  held  together  by  bolts,  are  distinct  from  the  calorimeters. 
This  mode  of  clamping  was  actually  used  in  most  of  the  experiments, 
but  the  wooden  braces  were  not  so  easy  to  manage,  and  they  were 
much  in  the  way  of  the  wrapping ;  for  in  use  the  whole  apparatus 
was  covered  with  cotton  batting  put  on  thick  and  held  on  by  cotton 
twine  wound  around  in  various  directions.  Cotton  wool  makes  a  good 
and  cheap  covering,  but  it  takes  much  time  to  apply  it.  Latterly,  it 
seemed  best  to  try  other  wrappers,  and  for  the  sake  of  greater  com- 
pactness a  modification  of  the  apparatus  was  constructed,  in  which  long 
sheaths  receive  the  wooden  rods,  which  are  held  by  pins  at  one  end 
and  wooden  wedges  at  the  other.  A  calorimeter  of  this  form  was  sur- 
rounded by  a  box  of  thin  wood  made  much  larger,  so  as  to  leave  a 
space  about  1|  inches  thick  all  around  the  brass  boxes — two  pipes 
and  the  top  piece,  as  well  as  the  gauge,  projecting  outside  the  wooden 
box.  The  space  was  filled  with  nearly  two  pounds  of  live  geese  feath- 
ers. The  feathers  make  an  excellent  non-conductor,  but  they  are  rather 
expensive,  and  by  no  means  easy  to  liandle. 

Then  a  modifial  form  of  clamping  arrangement  was  tried,  and  a 
cover  was  made  of  three  thicknesses  of  very  soft  woolen  blanket  sewed 
on ;  this  is  rather  costly,  but  it  is,  perhaps,  the  best  wrapper  to  use. 
A  wrapper  of  hair-felt  was  tried  twice,  but  it  was  too  tender  to  be 
used  many  times,  and  it  did  not  admit  of  sewing  on,  but  had  to  be 
held  on  with  twine  wound  around.] 

In  making  trials,  the  calorimeters  are  filled  up  with  water  10°  or 
12°  C.  colder  than  the  air  of  the  room,  the  thermometers  are  inserted 
and  the  water  is  well  agitated  with  the  paddles.  The  temperature  of 
the  water,  the  steam  pipe,  and  the  air  of  the  room,  and  the  time  are 
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noted.  Observations  are  made  every  half  Iionr,  or  oftener,  till  the 
water  stands  10°  or  12°  higher  than  the  surrounding  air.  The  water 
is  then  drawn  off  and  weighed.  The  experiment  is  repeated  times 
enough  to  give  a  fair  average. 

Of  course,  all  the  heat  transmitted  by  the  length  of  pipe  covering 
enclosed  by  the  apparatus  is  taken  up  by  the  water,  and  could  be 
exactly  determined  were  there  no  radiation  from  the  calorimeter  itself. 
But  wrap  as  we  may,  there  will  still  be  a  loss  when  the  surrounding 
air  is  colder  than  the  water.  To  neutralize  the  error  from  this  source 
we  should  use  only  that  part  of  the  experiment  which  lies  between  two 
observations,  in  one  of  which  the  water  is  about  as  many  degrees 
colder  than  the  air  as  it  is  hotter  in  the  other ;  thus,  the  absorption  of 
heat  from  without  in  the  first  part  of  the  time  is  balanced  by  the  radia- 
tion from  within  in  the  latter  part. 

The  calorimeter  itself  takes  up  heat  as  well  as  the  contained  water, 
and  we  must,  therefore,  add  to  the  weight  of  the  water  as  much  as 
corresponds  to  the  weight  of  brass  and  immediate  surroundings,  the 
specific  heat  being  taken  into  account.  For  every  calorimeter  this  is 
a  constant  quantity  which  may  be  determined  practically  by  mounting 
the  apparatus  on  an  unheated  pipe,  wrapping  it  as  usual.  Cold  water 
is  run  in  and  allowed  to  stand  some  time,  the  temperature  being  noted. 
Then  the  water  is  as  quickly  as  possible  run  out  and  replaced  by  warm 
water  of  known  temperature.  After  a  thorough  agitation  the  tempera- 
ture is  observed,  and  the  warm  water  is  drawn  off  and  weighed. 

Let  t  =^  the  temperature  of  the  cold  calorimeter. 

t'  =  the  temperature  of  the  warm  water  at  first. 

T  =  the  temperature  of  the  warm  water  after  it  is  run  in,  and 
a  =  the  quantity  of  warm  water  drawn  out  and  weighed. 

If  X  =  heat  units  taken  up  by  the  calorimeter,  reckoned  either  in 
grams  of  water  heated  1  °  C.  or  in  pounds  of  water  heated  1  °  F. ;  then 

T  =  -^'  +  i-;   hence  x="(^^-^) 
a  -\-  X  T—t 

In  an  actual  trial,  the  water  equivalent  of  the  calorimeters  A  I,  A 
II  was  found  to  be  194  grams  for  each. 
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In  an  experiment  with  covering  Xo.  34  of  the  table  hereto  appended : 
At  9  h.  15  m.,  A  I  stood  at  12-63°  C,  and  A  II  at  12-64°.* 
At  3  h.  25  m.,  A  I  stood  at  42-73°,  and  A  II  at  42-18° 
Mean  temperature  of  the  air,  27-7°  C. 
Interval  370  minutes. 

From  A  I  were  drawn  off  3,260  grams  of  water ;  from  A  II  3,320 
grams. 

Calculating  from  these  data  : 

(42-73  —  12-63)  (3,260  +  194)  X  4^-  =  16-859°. 
(42-18  —  12-64)  (3,320  +  194)  X  -??-  =  16-833°. 

The  average  of  these  and  trials  made  on  two  other  days,  was  one 

kilogram   of  water  heated   16*671°  C.  per  hour  in   each  calorimeter. 

But  the  two  brass  boxes  include  14  inches  in  length  of  tlie  covering. 

12 
Hence  X  2  X  16-671  =r  28-579  kilogram-centigrade  heat  units, 

14 
or  one  kilogram  of  water  heated  28-579  C°.  per  hour  by  each  linear 

foot  of  the  covering.     To  reduce  this  to  pound-Fahrenheit  heat  units, 

9 
we  multiply  by  -  X  2-205,  which  gives  113*43°  per  foot  per  hour. 

5 

Thus  we  have  an  absolute  measure  of  all  the  heat  which  is  trans- 
mitted by  the  covering.  But  it  may,  with  some  reason,  be  objected 
that  the  rapidity  of  transmission,  and  therefore  the  amount  of  heat 
passing  off  from  a  constant  source  in  a  given  time,  is  influenced  by  the 
temperature  and  nature  of  surrounding  bodies;  and  hence  that  the 
communication  of  heat  to  a  fixed  quantity  of  water  is  not  necessarily 
the  same  as  that  actually  given  off  to  air  in  free  circulation.  Farther 
experiments  are  needed  to  determine  exactly  how  the  heat  imparted  to 
the  water  calorimeters  compares  with  that  given  out  to  air  by  the 
freely  expose<l  covering.  We  should  naturally  expect  that  as  water 
has  a  higher  specific  heat  than  air  it  would  induce  a  more  rapid  cool- 
ing, and  that  therefore  the  water  calorimeter  would  give  higher  results 


*  Thoiifili  throuf?hout  this  report  many  temperatures  are  expressed  in 
degrees  with  two  decimal  places,  it  should  he  understood  that  these  are  not 
actual  readings,  but  in  most  cases  tlie  oliserved  iiumhers  have  been  cor- 
rected according  to  tiie  calibration  table  of  each  thermometer  ;  and  in  cali- 
brating, it  was  thought  as  well  to  carry  out  the  calculatious  to  hundredths 
of  a  degree. 
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than  the  condensation  method.  But  we  have  a  limited  quantity  of 
water  allowed  to  get  pretty  warm  as  compared  with  an  unlimited 
supply  of  cold  air.  In  fact  the  coverings  No.  24  and  No.  25  of  the 
appended  table  were  intended  to  be  alike,  and  were  very  nearly  so. 
As  the  temperature  of  the  steam  averaged  150°  C,  its  latent  heat  was 
500°  C.     Now  the  quantity  of  water  condensed  per  foot  per  hour  in 

No.  25  Avas  46-5  grams.     And  46*5  X  500  X      ^      =  23-250  kilo- 

1000 

gram-centigrade  heat  units,  while  the  calorimeter  trial  of  No.  24  gave 
22"807°.  The  diiference  is  not  large,  and  this  tends  to  show  that  air- 
cooling  and  calorimeter-cooling  are  not  very  unlike. 

Any  uncertainty  as  to  whether  water  calorimeters  show  the  actual 
loss  of  heat  by  pipe  coverings  does  not  affect  their  comparative  indica- 
tions respecting  different  coverings.  A  more  important  matter,  per- 
haps, is  the  not  unfrequent  impossibility  of  exact  fitting.  Coverings 
that  are  plastered  on  are  never  of  uniform  thickness,  nor  are  they 
exactly  cylindrical.  In  such  cases  the  contact  of  the  calorimeters  will 
be  more  or  less  imperfect,  and  radiation  through  confined  air  will  be 
partly  substituted  for  direct  conduction.  On  the  other  hand,  yielding 
coats,  like  hair  felt,  are  somewhat  compressed  by  clamping  on  the 
brass  boxes,  and  yet  more  by  the  weight  of  the  filled  apparatus ;  and 
the  more  closely  fibrous  matter  is  compressed,  the  greater  its  trans- 
mitting power.  So  the  results  of  the  trials  are  likely  to  be  somewhat 
too  favorable  to  the  hard  and  inelastic  coverings. 

In  carrying  out  the  examination  of  pipe  coverings,  it  seemed  best 
to  get  samples  such  that  each  one  could  be  used  for  the  three  methods 
in  succession.  Accordingly,  circulars  were  sent  out  requesting  manu- 
facturers and  others  interested  in  the  subject  to  furnish  whatever 
specimens  they  wished  to  have  submitted  to  competitive  trial.  The 
directions  called  for  pieces  of  ordinary  two-inch  steam  pipe  two  feet 
long,  cut  with  a  right-hand  thread  at  each  end,  and  then  covered,  in 
the  usual  way,  for  a  length  of  eighteen  inches  between  the  threaded 
ends.  In  response  to  this  invitation,  thirty-one  samples  were  sent  in 
by  various  makers,  and  eight  kinds  were  brought  and  applied  directly 
to  our  hot  steam  pipe  in  place.  In  only  one  or  two  instances  have 
prices  been  given. 

The  room  available  for  the  experiments  is  an  iron  turning  shop, 
through  the  upper  part  of  which  runs  thirty-six  feet  of  two-inch  pipe, 
conveying  to  an  engine  steam  of  sixty  pounds  pressure.     The  engine 
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is  run  in  term  time,  from  8.45  A.  M.  to  12  M.,  and  from  1.30  to  4.30 
P.  M.  During  the  noon  hour  the  pipe  is  full'  of  hot  but  not  moving 
steam.  Before  entering  the  room,  the  pipe  runs  about  110  feet  from 
the  boiler.  Two  lengths  of  the  pipe  in  the  room  were  taken  out  and 
replaced  by  as  many  as  possible  of  the  two-foot  sample  pipes  coupled 
together.  Near  the  middle  of  a  .set  was  inserted  a  T  with  a  three- 
quarter  inch  side  connection  turned  upwards.  Into  this  was  screwed 
a  bushing  furnished  with  a  long  thimble  reaching  nearly  to  the  bottom 
of  the  T  inside.  [A  longitudinal  section  of  this  disposition  was 
exhibited  showing  the  T;  the  plug;  the  thimble,  made  of  a  piece  of 
three-eighths  inch  gas  pipe  capped  and  filed  thin.  A  thermometer 
suspended  in  the  thimble  by  means  of  the  perforated  cork,  gives  the 
temperature  of  the  passing  steam.] 

Calorimeter  and  air  chamber  trials  were  made  with  each  covering 
two,  three,  or  sometimes  four  successive  days.  When  one  set  was 
gone  through  with,  another  set  was  mounted  in  their  place.  But 
several  of  the  samples  had  been  so  covered  as  to  leave  too  little  space 
for  a  good  grij)  of  the  pipe  wrench,  and  therefore  could  not  be  dis- 
mounted in  fit  condition  for  connecting  again  as  side  branches.  More- 
over, the  number  of  specimens  sent  in  was  unexpectedly  large,  some 
makers  furnishing  many  pieces  differing  more  in  size  than  in  kind. 
Hence  it  was  necessary  to  be  content  with  setting  up  again  for  the 
condensation  trials  only  such  uninjured  pieces  as  might  represent  the 
different  types  of  coverings. 

When  the  experiments  with  each  piece  were  finisiied,  the  cover, 
while  still  at  its  maximum  of  dryness,  was  stripped  off,  dissected,  and 
weighed  ;  for,  of  course,  the  non-conducting  power  is  not  the  only 
thing  to  be  considered.  We  must  take  into  account  the  cost,  weight, 
bulk,  necessary  thickness,  durability,  ease  of  application,  ease  of 
removal,  repair  and  renewal,  simplicity,  appearance,  freedom  from 
smell,  tem])tation  to  insects  or  mice,  hardness,  resistance  to  moisture, 
combustibility,  liability  to  crack,  and  the  possible  chemical  eff'ect  on 
the  pipe. 

Pipe  coverings  may  be  divided  into  four  general  classes : 

1.  Those  consisting  essentially  of  light  fibrous  matter,  as  hair,  slag 
wool,  or  paj)er,  applied  inmiediately  to  the  pipe. 

2.  Those  composed  of  a  pstste  or  mortar,  which  is  plastered  directly 
on  the  i)ipe,  in  one  or  several  coats. 

3.  Those  having  an  air  space  next  the  pipe. 
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4.  Complex  combinations  of  different  layers. 

It  will  be  seen  that  of  all  the  coverings  tried,  as  shown  by  the 
annexed  table,  the  most  efficient  was  simple  hair  felt  with  a  cheap  cover 
of  burlap.  It  appears  also  that  of  the  whole  number,  seventeen  owe 
their  efficacy  to  hair. 

Slag  wool  came  third  in  rank ;  but  it  should  be  noticed  that  this 
was  a  most  remarkable  covering.  The  slag  wool  was  two  inches  thick 
and  was  surrounded  by  wooden  slats  one  inch  thick,  these  being  covered 
with  three  thicknesses  of  cloth.  So  the  whole  was  enormously  and 
absurdly  bulky.  On  the  other  hand,  this  wool  was  not  of  commend- 
able quality,  for  it  parted  with  38  per  cent,  of  heavy  globules  when  it 
was  thrown  on  a  sieve,  and  this  superfluous  portion  had  increased  the 
weight  without  doing  any  good.  A  more  feasible  covering  was  tried 
in  Nos.  24  and  25,  with  the  very  same  fibre  after  sifting  out  the 
shotted  slag.  This  one  inch  coating  showed  a  fair  result,  though  of 
course,  by  long  heating  and  sifting  and  handling,  the  fibre  had  become 
much  broken,  and  could  not  therefore  be  as  efficient  as  new  wool.  It 
was  desirable  to  try  new  slag  wool,  of  the  best  quality,  but  the  dealers 
in  the  article  were  unwilling  to  sell  a  small  quantity.  No  doubt  the 
best  kind  would  give  a  more  favorable  result  than  that  shown  in  No. 
24,  and  would  prove  really  more  economically  than  the  cheap  sort.  I 
suppose  this  latter  kind  is  the  same  substance  that  is  known  in  England 
under  the  misleading  name  of  "  silicated  cotton." 

Spongy  paper,  as  in  No.  16,  proves  to  be  a  tolerable  good  non- 
conductor. In  a  condensation  experiment  not  given  in  the  table, 
Reed's  covering  gave  a  net  result  of  forty-six  grams  i^ev  foot  per  hour, 
which  almost  coincides  with  that  of  slag  wool  in  No.  25. 

Straw  covered  with  cotton  cloth,  as  in  No.  28,  does  not  show  an 
encouraging  degree  of  excellence. 

The  otherwise  useless  rice  chaff  of  No.  18,  moistened  with  water- 
glass  to  make  it  less  inflammable  and  somewhat  coherent,  proved  much 
more  efficient  than  straw  rope. 

It  should  be  remembered,  fibrous  or  porous  matter  acts  mainly  by 
virtue  of  entrapped  air,  and  hence  the  looser  it  is  the  better.  Thus 
everybody  knows  that  hard-spun  woolen  stuffs  do  not  make  warm 
clothing.  Asbestos  is  commonly  supposed  to  have  wonderful  virtue 
in  resisting  heat,  but  there  is  really  no  magic  power  in  the  mineral 
fibre.  It  is  a  non-conductor  only  when  it  is  in  a  light,  downy  condi- 
tion and  full  of  air.     The  figures  given  in  No.  50  show  that  hard- 
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pressed  asbestos  paper  conducts  heat  very  readily.  And  it  Avas  observed 
that  in  those  cases  in  which  asbestos  paper  is  put  between  the  pipe  and 
hair  felt,  the  asbestos  fails  to  prevent  the  scorching  of  the  hair. 
Incombustibility  should  not  be  confounded  with  non-conducting 
power. 

As  to  the  second  class,  the  plastered  coverings,  none  seems  to  be 
worth  much  except  the  diatomaceous  earth  or  "  Fossil  Meal,"  of  Xos. 
21,  26  and  27.  Of  only  one  or  two  of  them  was  the  exact  composi- 
tion known,  but  there  is  not  one  of  such  excellence  that  the  secret  of 
its  composition  is  worth  keeping.  Most  of  the  pastes  have  an  admix- 
ture of  hair,  vegetable  fibre,  or  asbestos,  to  make  them  tougher  and 
keep  them  from  cracking.  The  more  organic  fibrous  stuff  can  be 
worked  in  the  better,  for  it  makes  the  covering  lighter  and  looser  and 
hence  less  capable  of  transmitting  heat.  When  such  fibres  are  sur- 
rounded by  clay,  plaster,  or  other  mineral  matter,  it  makes  little 
difference  whether  they  are  of  themselves  combustible  or  not ;  they 
cannot  char  or  burn  unless  used  in  connection  with  steam  of  extremely 
high  pressure,  or  super-heated  steam.  So  here  again,  as  compared 
with  animal  or  vegetable  fibres,  asbestos,  which  is  really  a  heavy 
mineral,  has  more  plausibility  than  positive  virtue.  Most  of  the 
makers  of  plastered  coverings  appear  to  have  been  experimenting  with 
materials  that  are  too  dense. 

To  the  third  class,  those  with  greater  or  less  air  space,  belong  Xos. 
9,  12,  19,  20,  22,  23,  34  and  37. 

AVith  regard  to  the  efficiency  of  coverings  with  an  air  space,  the 
experiments  so  far  are  not  decisive,  because  in  no  two  trials  was  it 
certain  that  the  material  was  otherwise  of  precisely  the  same  quality 
and  thickness.  In  Nos.  34  and  30,  which  were  apparently  the  same, 
with  the  exception  of  an  additional  wire  gauze  support  in  No.  34,  the 
air  space  showed  but  a  very  slight  advantage.  The  comparison  of  Xos. 
IG  and  19  is  even  unfavorable  to  the  narrow  air  space. 

But  when  there  is  no  visible  covering  at  all,  as  in  Nos.  47,  48  and 
51,  it  makes  a  wonderful  difference  whether  the  calorimeter  comes  in 
direct  contact  with  the  pii)e,  or  a  thin  stratum  of  air  intervenes.  It 
seems,  too,  that  a  quarter  of  an  inch  of  air  is  as  good  as  an  inch.  This 
calls  to  mind  the  well-known  fact  that  one  may  safely  stay  a  few  mom- 
ents in  the  air  of  a  room  heated  to  a  point  nuich  above  the  boiling- 
point  of  water,  as  in  the  old  "  hot  room  "  of  calico  print  works ;  but 
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if  the  skiu  touches  a  metallic  body  or  a  liquid  of  the  same  tempera- 
ture, burning  or  scalding  ensues. 

So  it  was  also  observed  that  when  hair  or  paper  remained  for  a  con- 
siderable length  of  time  in  contact  with  the  hot  steam  pipe  the  organic 
matter  became  browned  or  scorched,  while  the  hair  felt  in  No.  9  re- 
mained, to  all  appearances,  entirely  unchanged,  except  at  the  ends 
where  it  was  gathered  in  and  touched  the  pipe.  It  might  be  thought 
that  the  bright  tin  plate  case,  as  such,  had  something  to  do  with  pre- 
venting the  scorching  ;  for,  from  the  tradition  of  Leslie's  old  experi- 
ments on  heat,  a  surface  of  bright  tin  is  reputed  to  be  a  poor  radiant 
and  recipient.  But  when  the  mere  tin  case  of  No.  9  and  the  straw- 
board  case  of  No.  20  were  put  on  the  pipe,  side  by  side,  the  tin  box 
soon  became  hotter  than  the  hand  could  bear,  while  the  straw-board 
could  be  handled. 

An  air  space,  then  may  prove  very  useful  in  obviating  one  of  the 
great  objections  to  coverings  of  organic  fibrous  matter,  though  it  is  not 
specially  beneficial  in  other  respects.  Woolly  asbestos  or  asbestos  paper, 
which  the  makers  of  some  of  the  specimens  appear  to  have  relied  on 
for  this  purpose,  does  not  accomplish  the  object,  for  in  all  those  sam- 
ples in  which  a  wrapping  of  asbestos  came  between  hair  and  the  pipe, 
the  hair,  after  the  trials,  was  found  to  be  discolored  by  the  heat.  And 
then  again,  experiments  Nos.  47  and  50  show  that  a  wrapping  of  as- 
bestos paper  does  not  insulate  so  well  as  the  same  thickness  of  mere 
air.  The  popular  confidence  in  asbestos  partakes  of  the  character  of 
a  superstition. 

Coverings  of  the  fourth  class,  those  made  up  of  many  layers  of  dif- 
ferent kinds,  have  not  proved  better  or  more  efficient  than  the  simpler 
ones;  and  we  may  justly  set  down  much  of  the  ingenuity  shown  in 
devising  coverings  of  this  class  as  fruitless.  Of  course,  complexity 
enhances  the  cost,  and  there  should  be  some  corresponding  advantage. 

But  of  the  actual  prices  charged,  I  have  received  statements  in  only 
one  or  two  instances.  It  is  evident,  however,  from  the  labor  neces- 
sarily required  to  produce  some  of  the  specimens,  that  cheapness  has 
not  been  kept  sufficiently  in  mind.  The  question  as  to  whether  a  cov- 
ering shall  be  used  or  not  is  one  mainly  of  dollars  and  cents,  and  the 
inquirer  must  be  satisfied  that  the  saving  of  heat  will  soon  make  up 
for  the  outlay. 

From  No.  51,  it  appears  that  a  naked  two-inch  pipe,  carrying  sixty 
pound  steam,  may  condense  181  grams  per  foot  per  hour,  and  No.  25 
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shows  that  a  cheap  covering  may  reduce  this  to  46'5  grams,  making  a 
saving  of  134"5  grams  per  hour,  or  1-345  kilos.  =  2*96  lbs.  of  steam 
in  a  day  of  ten  hours.  So  the  covering  of  one  hundred  feet  of  pipe 
would  save  in  a' year  of  300  working  days,  coal  enough  to  convert 
88,800  lbs.  of  water  into  steam.  If  we  consider  one  pound  of  coal 
as  capable  of  making  8*88  lbs.  of  steam,  we  shall  have  a  saving  of 
five  tons  of  coal  per  year  for  one  hundred  feet  of  the  covering.  So, 
where  coal  is  worth  $5  per  ton,  it  would  certainly  be  worth  the  while 
to  use  a  covering  costing  not  more  than  twelve  cents  per  foot,  but  we 
might  wish  to  think  twice  before  taking  one  worth  twenty-five  cents 
per  foot. 

In  some  cases  it  may  be  worth  the  while  to  add  a  little  to  the  ex- 
pense for  the  sake  of  securing  a  good  appearance  and  having  a  covering 
that  can  be  easily  kept  clean.  An  encasement  of  cotton  duck  or 
canvas  looks  well,  whether  the  cloth  is  drawn  together  by  the  edges  and 
stitched,  or  is  torn  into  narrow  strips  and  wound  around  spirally.  Ex- 
cept the  costliness  of  this  closely  woven  stuif,  the  only  objection  to 
such  a  jacket  or  bandage  is  its  combugtibility,  and  this  ought  to  be 
obviated  by  painting  the  canvas  with  water-glass.  Some  of  the  plas- 
tered coverings  sent  in  have  a  hard,  smooth  exterior  finishing  coat, 
which  gives  a  pretty  appearance,  but  adds  too  nmch  to  tlie  already  ex- 
cessive weight. 

The  weight  and  bulk  of  a  covering  are  of  some  consequence,  for  if 
we  add  to  the  pipe  three  or  four  times  its  weight  or  size  of  other 
matter,  we  make  it  troublesome  to  support.  A  coating  over  five  inches  in 
diameter  for  a  two-inch  pipe  seems  absurdly  dispro])ortionate  ;  and  as 
the  pipe  itself  weighs  fifty-six  ounces  per  foot,  an  additional  weight  of 
sixty  ounces  or  more  is  altogether  beyond  reason.  The  weights  given 
in  the  table  show  that  some  makers  have  sinned  grievously  in  this 
matter.  In  the  large  and  heavy  specimens  tried,  excepting  No.  3,  there 
appears  to  be  a  lack  of  efficiency,  and  there  is  little  else  to  commend 
them. 

Of  course,  for  every  kind  of  covering  there  is  an  optimum  of 
thickness  beyond  which  the  cost  and  bulk  of  any  addition  is  not  com- 
pensated by  any  further  gain  in  efficiency,  and  this  best  size  can  be 
approximately  determined  only  i)y  a  series  of  careful  experiments  with 
€ach  particular  substance  or  composition.  As  most  of  my  trials  have 
been  of  ready-made  coverings  furnished  by  others,  there  are  few  data 
for  reasoning  about  the  matter  of  thicktuss.      In  comparing  Xos.  1 
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and  2,  we  see  that  an  increase  of  hair  beyond  an  inch  of  thickness,  or 
thirteen  ounces  of  weight  per  foot  does  very  little  good. 

Nos.  27  and  35  were  made  with  the  same  fossil  meal  paste,  and  put 
on  by  the  same  person ;  and  here  we  see  that  a  much  less  thickness 
than  one  inch  of  fossil  meal  is  insufficient. 

Though  Nos.  3  and  24  are  not  strictly  comparable,  the  two  taken 
together  go  to  show  that  when  poor  slag  wool  is  used  it  will  pay  to 
have  it  considerably  more  than  an  inch  thick. 

As  to  ease  of  application,  repair  or  renewal,  Reed's  covering,  Nos. 
16  and  19,  and  the  Chalmer  Spence  Co.'s  complex  tubes,  Nos.  6,  10, 
12  and  17  stand  foremost.  These  are  molded  into  form  and  partially 
bisected  lengthwise — Reed's  so  as  to  leave  merely  a  thickness  of  paper 
for  a  hinge,  and  the  Chalmer  Spence  through  one  side  of  the  hollow 
cylinder — so  the  tube  has  only  to  be  opened  or  sprung  apart  some- 
what, clasped  over  the  pipe,  and  fastened  together  at  the  meeting  edges 
with  double  pointed  tacks.  The  covering  can  be  taken  off  at  any 
time  by  taking  out  the  tacks  and  prying  the  joints  apart.  Next  to 
these  comes  hair  felt  which  can  be  cut  of  suitable  width,  clasped 
around  the  pipe,  and  held  on  by  winding  string  or  fine  wire  around 
spirally.     It  may  be  left  so,  or  cloth  can  be  sewed  on  around  it. 

Straw  rope  can  be  wound  around  spirally  at  a  pretty  rapid  rate, 
but  in  time  it  becomes  so  brittle  that  it  is  worthless  when  unwound 
again. 

In  No.  37,  the  tin  plate  cylinders  are  made  iu  halves  which  lock 
together  and  are  more  easily  put  on  than  taken  off.  The  inner  case  is 
held  off  from  the  steam  pipe,  to  make  an  air  space,  by  means  of  short 
corrugated  tin  plate  rings. 

The  tin  plate  case  of  No.  9  is  made  in  one  foot  lengths,  with  two 
opposite  longitudinal  ribs  projecting  inwards.  Each  length  is  made  in 
halves  and  the  ribs  are  formed  by  turning  in  the  edges  so  that  they 
come  double  when  the  two  halves  are  put  together  and  fastened  with 
solder.  The  cylinders  are  so  joined  end  to  end  that  their  ribs  lie  in 
planes  at  right  angles  to  each  other.  Both  this  covering  and  No.  37 
are  lacking  in  simplicity  and  ease  of  adjustment. 

The  air  space  of  No.  19  is  made  in  a  ready  way  by  winding  around 
the  pipe  narrow  strips  of  asbestos  paper,  some  distance  apart,  before 
the  covering  is  clamped  on.  In  No.  12  the  complex  cylinder  of  hair 
and  pasteboard  is  held  off  from  the  pipe  by  short,  thick  paper  cylinders. 

In  No.  20,  the  air  space  was  made  in  a  cheap  and  easy  way  with 
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rings  of  plaster  of  Paris  placed  a  foot  apart,  and  a  cylinder  of  straw 
board  sprung  on  over  them.  This  straw  board  had  been  shaped  by 
rolling  it  in  the  machine  with  which  tinkers  form  stove  pipe,  and  was 
made  large  enough  to  have  one  edge  lap  over  the  otiier  a  little.  The 
plaster  rings  were  made  in  halves,  with  a  groove  around  the  outside, 
to  receive  the  string  with  which  they  were  tied  together  on  the  pipe. 
Such  rings  can  be  cast  with  little  trouble,  and  they  should  be  well 
dried  before  using.  They  could  be  made  of  porous  terra  cotta  at  trifling 
cost,  and  it  would  be  better  to  fasten  them  on  with  small  wire.  The 
half  rings  in  No.  22  were  cut  out  of  thin  pine  boards  with  a  scroll 
saw,  and  the  straw  board  was  tacked  to  them ;  but  pine  rings  shrink 
and  become  scorched,  while  those  of  plaster  or  burned  clay  are  hard, 
incombustible,  and  poor  conductors  of  heat.  The  case  of  No.  24  was 
made  in  the  same  way,  but  with  an  incomplete  cylinder  of  straw  board, 
so  that  there  was  left,  along  the  whole  length  of  the  upper  side,  a 
narrow  aperture  through  which  the  slag  wool  was  crowded  in.  The 
long  aperture  was  closed  over  with  a  somewhat  wider  strip  of  straw 
board,  the  whole  being  finally  held  together  by  winding  twine  around. 

The  rice  chaif  of  No.  18,  the  sphagnum  of  No.  22,  and  the  charcoal 
of  No.  29  were  put  on  with  the  help  of  a  wire  cage  specially  contrived 
for  the  purpose. 

It  requires  some  practice  to  put  on  paste  coverings  with  a  trowel,  and 
it  is  by  no  means  easy  to  get  them  uniform  and  round.  With  the 
exception  of  the  fossil  meal,  the  plastered  coverings  are  worthless  when 
they  are  taken  oif. 

I  have  observed  no  chemical  action  by  any  of  the  coverings  except 
such  as  contain  plaster  of  Paris,  which,  while  wet,  rusts  iron  rapidly. 
The  corrosion  of  pipe,  which  is  said  to  have  occurred  sometimes  with 
slag  wool  that  had  become  damp,  must  have  been  caused  by  the  sul- 
phate of  lime  formed  by  the  oxidation  of  a  trace  of  sulphide  of  calcium 
in  the  slag. 

Respecting  durability,  little  can  be  learned  by  trials  lasting  only  a 
few  weeks.  But  it  is  well  known  that  animal  and  vegetable  substances 
undergo  a  change  by  long-continued  heating,  and  this  sometimes  be- 
comes obvious  even  after  a  few  days'  exposure.  Wool,  hair,  cotton 
and  paper  in  contact  with  a  pipe  at  loO°C.,  soon  turn  brown  and  have 
their  elasticity  much  impaired.  To  be  sure,  it  is  only  a  moderate 
thickness  that  becomes  so  aflfected,  and  samples  of  old  coverings  that 
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have  been  sent  me  show  that  it  takes  years  to  scorch  any  considerable 
portion  of  the  whole  depth. 

Straw  suiFers  farther  out  than  the  poorer  conductors.  Specimen  No. 
39,  which  was  said  to  have  been  in  use  nine  years,  was  still  bright 
and  straw-like  outside,  but  the  steam  pressure  had  been  under  fifteen 
pounds.  The  straw  alone  in  this  sample  weighed  4*2  ounces  per  foot, 
while  the  new  straw  of  No.  28  weighed  10"6  ounces.  If  No.  28  really 
represents  the  original  dimensions  and  character  of  No.  39,  as  it  was 
intended  to,  the  impairment  of  efficiency  by  the  shrinkage  bears  a 
strikingly  small  proportion  to  the  loss  of  weight. 

The  change  of  organic  matters  by  a  steam  heat  is  too  slow  to  produce 
any  sensible  odor,  but  if  by  any  chance  hair  felt  gets  wet  while  on  the 
pipe,  it  gives  out  an  unpleasant  smell  for  a  long  time.  I  have  known 
instances  in  which  this  proved  so  great  an  annoyance  that  the  covering 
had  to  be  stripped  off;  and  the  possibility  of  such  an  occurrence  is  no 
slight  objection  to  the  use  of  hair  in  immediate  contact  with  the  hot 
pipe.  The  intervention  of  an  air  space  offers  a  possible  prevention  of 
this  trouble  as  well  as  of  the  crisping  of  the  hair. 

As  to  the  chances  for  spontaneous  combustion  of  any  covering  con- 
sisting of  vegetable  fibre,  it  is  difficult  to  pronounce  with  certainty. 
There  is  a  report  in  circulation  that  a  certain  paper  covering  has  taken 
fire  of  itself;  but  I  believe  this  is  rather  a  matter  of  interested  surmise 
than  of  positive  proof.  I  put  two  pieces  of  the  indicted  covering  on  a 
pipe  near  the  boiler,  where  the  temperature  was  very  high  outside  and 
at  least  150°C.  within  the  pipe — one  of  the  pieces  as  it  came  from  the 
maker,  the  other  charged  with  cotton-seed  oil  (this  oil  readily  induces 
the  combustion  of  cotton  waste),  and  yet  both  the  paper  tubes  remained 
so  exposed  to  heat  for  six  months  without  showing  tiie  slightest  inclina- 
tion to  take  fire. 

Of  course,  coverings  made  of  organic  substances  become  excessively 
dry  and  tinder-like  when  they  are  constantly  exposed  for  a  long  time 
to  a  steam  heat,  and  then  they  very  readily  catch  fire  when  a  spark  or 
a  flame  touches  them.  Therefore,  though  there  is  little  danger  of  fire 
from  within,  it  is  well  to  guard  against  fire  from  without.  The 
impregnation  of  cloth  wrappings  with  borax,  tungstate  of  soda,  or 
water-glass  is  calculated  to  lessen  very  much  the  danger  from  fire. 

In  connection  with  the  testing  of  what  were  offered  for  fire-proof 
window  shutters  some  years  ago,  I  was  led  to  believe  that  one  of  the 
best  and  cheapest,  non-conductors  could  be  made  of  water-glass  and 
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wood  charcoal,  since  by  charring,  all  gas-forming  material  is  eliminated 
from  the  wood,  and  carbon  does  not  oxidize  rapidly  wlieu  covered 
with  the  varnish-like  and  fusible  silicate.  It  was  this  mixture  that  I 
tried  in  No.  29 ;  but  as  there  was  no  light  pine  charcoal  at  hand  I  was 
obliged,  by  want  of  time  for  making  some,  to  fcike  a  rather  too  dense 
substitute.  Still  the  result  is  encouraging,  and  I  hope  to  follow  up 
the  matter  farther,  for  this  concreted  uninflammable  coal  is  capable  of 
many  useful  applications. 

The  rice  chaff  in  No.  18  was  also  mixed  with  enough  water-glass  to 
render  it  somewhat  coherent  when  dry,  and  as  the  chaff  is  itself  rather 
silicious  we  thus  get  a  covering  so  charged  with  mineral  matter  as  to 
be  hard  to  set  on  fire,  and  at  the  same  time  quite  light  and  efficient  as 
a  non-conductor.  Doubtless,  chopped  straw  might  be  used  in  the 
same  way.  But  sawdust  soaks  up  so  much  water-glass  as  to  make  a 
paste  that  dries  too  dense. 

Coverings  that  contain  flour  or  meal  are  liable  to  be  troubled  some- 
what by  mice.  Even  silicated  rice  chaff  is  not  altogether  proof  against 
them.     These  animals  also  gnawed  the  interior  of  specimen  No.  12. 

When  it  is  desirable  to  have  a  covering  water-proof  outside,  this 
can  be  effected  best  by  putting  on  a  wrajjper  of  sized  cloth  and  apply- 
ing to  it  one  or  two  coats  of  oil  paint.  Of  course,  this  should  be  done 
only  after  the  covering  has  become  perfectly  dry.  But  trouble  is 
sometimes  caused  from  within,  by^eaking  joints,  and  in  such  a  case  a 
water-proof  coat  only  occasions  a  s|)reading  of  concealed  mischief  inside. 
On  the  other  hand,  a  very  porous  coating  allows  the  vaporized  water 
to  escape,  and,  if  the  leak  is  slight,  no  harm  is  done.  It  is  well  to  use 
a  prettv  loose  material  for  covering  the  joints,  to  separate  those  parts 
from  the  rest  by  impervious  diaphragms  of  tin  plate  or  plaster,  and  to 
make  them  so  that  they  can  be  easily  removed  without  disturbing  the 
other  portions. 

The  following  table  of  specimens  tried.  Table  I,  is  arranged  in  the 
order  of  their  transmitting  power  as  shown  by  the  calorimctric  method. 
The  first  column  gives  the  source  from  which  each  of  the  samples  was 
obtained,  together  with  a  concise  description  of  the  make  up,  beginning 
with  the  coating  next  the  pipe.  Those  marked  "J.  M.  O."  were  home 
productions. 

The  maximum  diameter  is  given  in  the  second  column,  few  being 
quite  cylindrical. 

The  weight  in  the  third  column  includes  the  average  of  the  whole 
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of  the  covering,  but  in  many  cases  the  essential  part  constitutes  only  a 
moderate  portion  of  the  whole  weight.  Fuller  details  of  the  structure 
are  given  in  the  second  table. 

The  fourth  column  gives  the  highest  temperature  observed  in  the 
air  chambers  durings  the  trials.  In  one  or  two  instances  the  covering 
was  so  irregular  that  the  air  chambers  could  not  be  made  to  fit  closely 
enough  for  a  fair  trial,  and  so  no  figure  is  given. 

The  numbers  in  the  fifth  column  show  the  condensation  by  each 
foot  of  the  covered  pipe  in  one  hour.  "  Gross  "  signifies  that  the  con- 
densation by  the  fittings  and  extra  pipe  is  not  allowed  for,  and  the 
figures  given  are,  therefore,  really  from  one-fourth  to  one-third  too 
high.  The  method  given  above  for  eliminating  this  error  was  not 
invented  till  most  of  the  trials  had  been  made.  In  the  trials  made 
latterly  the  woi'd  "  net "  shows  that  the  proper  deduction  has  been 
made.  It  takes  many  days  to  get  the  data  for  the  requisite  correction, 
and  it  is  hardly  worth  the  while  to  spend  the  time  for  this,  with  many 
samples,  till  further  careful  experiments  shall  show  whether  the  matter 
of  mist  really  vitiates  the  results  of  the  condensation  method  as  much 
as  we  may  suppose  it  can. 

The  sixth  column  shows  how  many  heat  units  are  actually  trans- 
mitted in  an  hour  by  one  foot  in  length  of  the  pipe  covering — that  is, 
how  many  degrees  centigrade  one  kilogram  of  water  may  be  heated  by 
it,  or  how  many  kilograms  of  water  may  be  raised  1°  C. 

In  the  last  colunm  the  same  loss  of  heat  is  expressed  in  degrees 
Fahrenheit  which  one  pound  avoirdupois  of  water  may  be  heated. 

As  all  the  samples  beyond  No.  30  allow  more  than  twice  as  much 
heat  to  pass  through  as  is  transmitted  by  No.  1,  it  would  seem  that  in 
No.  31  and  all  after  it,  there  is  much  room  for  improvement. 

The  average  of  the  46  coverings— No.  50  being  left  out — is  24*623 
kilogram-centigrade  heat  units  transmitted. 

The  average  weight  is  49  ounces,  or  a  little  over  three  pounds  per 
foot. 
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TABLE  II. 
No.  1.  Hair  felt,  826  grams ;  Burlap  and  twine,  85  grams.     Length  18 

inches. 
No.  2.  Hair  felt,  493  grams  ;  burlap,  50  grams ;  twine,  17  grams.     Length, 

18  inches. 
No.  3.  Slag  wool,  2  inches  thick,  3860  grams ;  wooden  slats,  f  inch  thick, 
and  nails,  1815  grams  ;  wooden  rings  at  ends.  If  inches  thick,  540 
grams  ;  tinplate  rings  between  Wooden  rings  and  pipe,  51  grams  ; 
burlap,  127  grams ;  cotton  cloth  two  thicknesses,  and  paint,  270 
grams ;  tacks,  13  grams.     Length,  24  inches. 
No.  4.  Asbestos  paper  faced  with  loose  asbestos  fibre,  16J  X  25  inches,  205 
grams ;    \  inch  hair  felt,  18  X  lOj  inches,  282  grams ;  twine,  3 
grams ;  asbestos  paper,  17J  X  18  inches,   112  grams ;  f  inch  hair 
felt,  17J  X  14  inches,  407  grams ;  twine,  asbestos  paper,  17J  X  16 
inches,  133  grams  ;  canvas,  19  X  18  inches,  80  grams.     Length,  17J 
inches. 
No.  5.  Asbestos  paper,  119  grams ;  twine,  4  grams  ;  hair  felt,  458  grams ; 

canvas,  94  grams.     Length,  IGj  inches. 
No.  6.  Hair  and  pasteboard,  not  easily  separated.      Whole  weight,  1280 

grams.     Length,  18  inches. 
No.  7.  Asbestos  paper  doubled,  110  grams  ;  hair  felt,  486  grams;  paper,  157 

grams  ;  canvas  and  string,  93  grams.     Length,  18  inches. 

No.  8.  Asbestos  paper,  two  thicknesses,  98  grams  ;  hair  felt,  1^  inches  thick, 

16^  inches  thick,   16^X12  inches,  456  grams ;  twine,  6  grams; 

paper,  17|  X  31^  inches,  156  grams ;  canvas,  87  grams.     Length, 

172  inches. 

No.    9.  Tinplate  case  and  ribs,  580  grams  ;  1  inch  hair  felt,  494  grams  ;  canvas 

and  twine,  94  grams.     Length,  23  inches. 
NO.  10.  Hair  and  pasteboard  cemented  together.    Whole  weight,  910  grams. 

Length,  17f  inches. 
No.  11.  Asbestos  paper,  three  thicknesses,  172  grams;   twine,  6  grams;   1 
inch  hair  felt,  552  grams  ;  twine,  23  grams ;  paper,  123  grams ; 
canvas,  81  grams.     Length,  23J  inches. 
No.  12.  End  pieces  of  paper,  3  inches  long,  lined  with  asbestos  paper,  575 
grams  ;  asbestos  paper,  hair  felt  and  pasteboard  cemented  together, 
1860  grams.     Length,  17|  inches. 
No.  13.  Asbestos  paper,  two  thicknesses,  167  grams ;  asbestos  paste,  1  inch 
thick,  2910  grams  ;  f  inch  hair  felt,  385  grams  ;  twine,  5  grams  ; 
asbestos  board,  220  grams ;  |  inch  hair  felt,  505  grams ;  twine,  6 
grams;  asbestos  board,  301  grams;  canvas,  107  grams.     Length, 
18^  inches. 
No.  14.  Clay,  760  grams  ;  paper,  115  grams  ,  hair  felt,  280  grams  ;  laths,  430 

grams  ;  iron  wire  and  plaster,  2270  grams.     Length,  29  inches. 
No.  15.  Asbestos  paper,  several  thicknesses,  299  grams  ;  hair  felt,  425  grams  ; 
twine,  2  grams];  paper,  198  grams ;  canvas,  137  grams.     Length, 
28  inches. 
No.  16.  Alike  throughout,  1280  grams.     Length,  17|  inches. 
No.  17.  Hair  and  asbestos  cemented  together,  1290  grams.   Length,  18  inches. 


Dec,  1883.]  Non- Conducting  Coverings.  433 

No.  18.  Silicated  rice  chaff,  1060  grams  ;  wooden  rings  and  cloth  wrapper, 

120  grams.     Length,  22  inches. 
No.  19.  Asbestos  paper  rings,  paper  tube,  whole  weight,  1230.     Length, 

17|  inches. 
No.  20.  Wooden  rings  and  straw  board,  249  grams  ;  hair  felt  and  twine,  443 

grams.    Length,  24J  inches. 
No.  21.  Fossil  meal  and  hair,  alike  throughout,  2940  grams.     Length,  20} 

inches. 
No.  22.  Wooden  rings,  87  grams  ;  straw  board,  192  grams  ;  tacks,  5  grams  ! 

outer  rings  of  paper,  1^  inches  wide,  113  grams ;  sphagnum,  174 

grains  ;  cloth,  40  grams.     Length,  24}  inches. 
No.  23.  Two  iron  rings,  1  inch  wide,  and  tacks,  440  grams  ;  5  inch  hair  felt, 

218  grams;    laths,   351   grams;    wire  and  plaster,  2350  grams. 

Length,  2U  inches. 
No.  24.  Gj'psum  rings,  2-56  grams  ;  straw-board  cover,  201  grams ;  slag  wool 

filling,  940  grams.     Length,  24^  inches. 
No.  25.  Plaster  ends,  2-53  grams  ;  straw-board,  175  grams  ;  slag  wool  filling, 

802  grams.     Length,  21  inches. 
No.  26.  Hair  and  fossil  meal,  uniform  throughout,  980  grams.     Length,  13 

inches. 
No.  27.  Fossil  meal  and  hair,  uniform  throughout,  1270  grams.     Length, 

20  inches. 
No.  28.  Straw  rope,  1  inch  thick,  400  grams  ;  cotton  cloth,  four  thicknesses, 

400  grams ;  iron  rings  at  the  ends,  not  included  in  the  weight 

given  in  Table  I.     Length,  16  inches. 
No.  29.  Silicated  charcoal,  1760  grams;  wooden  rings  and  cloth  wrapper, 

120  grams.     Length,  19  inches. 
No.  30.  Paste  of  plaster,  carbon,  flour  and  hair,  1560  grams.     Length,  20 

inches. 
No.  31.  Asbestos  paste,  820  grams  ;  clay  and  fibre,  960  grams ;  paper  pulp, 

1560  grams  ;  twine,  23  grams ;  mortar,  3260  grams.     Length,  42 

inches. 
No.  32   Wooden  rings,  74  grams  ;  straw  board,  166  grams  ;  tacks,  5  grams; 

rice  chaff  filling,  240  grams.     Length,  241  inches. 
No.  33.  Asbestos  and  clay,  5.S0  grains  ;  wood  and  wire,  32.5  grams ;  paper, 

.332  grams;  phustering,  2052  grams.     Length,  24  inches. 
No.  34.  Wire  netting  and  sheet  iron  props,  210  grains  ;  asbestos  paste,  1340 

grams.     Length,  IG  inches. 
No.  35.  Fossil  meal  and  hair,  uniform  throughout,  770  grams.     Length,  19 

inches. 
No.  36.  Asbestos  paste,  uniform  throughout,  1300  grams.    Length,  16  inches. 
No.  37.  Corrugated  rings  of  tin  plate,  97  grams;    tin  plate  cylinder,  345 

grains;  a.sbestos  paper,  204  grams  ;  tin  plate  cylinder,  445  grams  ; 

tin  plate  ends,  .30  grams.     liCngth,  16}  inches. 
No.  38.  Two  kinds  of  paste  not  separated,  3290  grains.     Length,  17  inches. 
No,  39.  Straw  roi)e,  160  grams;  six  thicknesKes  cotton  cloth,  212  grams; 

iron  rings  at  ends  not  reckoned.     Length,  16  inches. 
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No.  40.  Asbestos  paper,  179  grams ;    three  coats  plaster  with  fibre,  4430 

grams.     Length,  17^  inches. 
No.  41.  Paste,  uniform  throughout,  5740  grams.     Length,  36  inches. 
No.  42.  Clay  and  fibre,   uniform  throughout,   3500   grams.     Length,   15| 

inches. 
No.  43.  Asbestos  paper  and  twine,  102  grams;  asbestos  paste,  8760  grams. 

Length,  ISi  inches. 
No.  44.  Ashes,  plaster,  flour  and  hair,  uniform  throughout,  3740  grams. 

Length,  20  inches. 
No.  45.  Asbestos  paper,  113  grams;   asbestos  paste,  7370  grams.    Length, 

ISy  inches. 
No.  46.  Asbestos  paper,  asbestos  paste  together,  4320  grams.     Length,  18^ 

inches. 
No.  47.  Clay  and  fibre,  alike  throughout,  2310  grams.     Length,  15  inches. 


INDEX  TO  TABLE  I. 

Air  space,  Nos.  9,  12,  19,  20,  22,  23,  34,  37,  47,  48. 

Asbestos  Packing  Co.,  Nos.  7,  8,.31,  403. 

Asbestos  paper.  No.  50. 

Chalk  and  Lawton,  Nos.  3,  37. 
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PRESSURE  ATTAINABLE  BY  THE  USE  OF  THE 
"DROP  PRESS." 


By  RoBEP.T  H.  Thurston,  Hoboken,  N.  J. 

[Read  before  the  American  Society  of  Mecliauicai  Engineers,  November,  1883.] 


The  writer  has  recently  taken  occasion  to  determine  the  magnitude 
of  the  pressures  attainable  and  not  infrequently  utilized  in  the  use  of 
the  "  drop  press,"  now  so  extensively  employed  in  the  process  of  "  drop 
forging  "  and  in  the  manufacture  of  small  parts  of  sewing  machines, 
firearms  and  light  machinery. 

The  opportunity  was  affored  to  make  this  determination  in  the 
course  of  an  investigation  of  the  efficiency  of  drop  presses  lately  made 
by  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology. 
It  was  found  that  the  most  efficient  presses  experimented  with  had  an 
"  efficiency,"  as  the  term  is  technically  used,  of  90  per  cent. — i.e.,  the 
work  done  by  the  drop  was  90  per  cent,  of  that  which  was  due  to  the 
weight  falling  through  the  measured  height.  The  table  given  below  is 
based  upon  the  assumption  that  this  efficiency  can  be  reached,  and 
exhibits  the  mean  pressure  attained  when  the  piece  attacked  is  crushed  to 
the  amount  of  ^,  J,  ^  inch  respectively.  The  maximum  pressures  must 
exceed  those  given.  The  mean  pressures  are  calculated  by  determining 
the  amount  of  energj'  of  the  falling  drop  at  the  instant  before  stop- 
ping— i.e.,  of  the  quantity  of  work  done  upon  it  by  gravity  and  stored 
in  it,  and  dividing  that  measure  in  foot-pounds  by  the  distance  through 
which  the  crushing  of  the  "  work  "  takes  place.  These  figures  are 
seen  to  be  simply  enormous,  and  the  power  of  this  form  of  press  is 
evidently  limited  only  by  the  rigidity  of  its  parts  and  their  strength. 

The  figures  given  for  the  pressures  reached  when  the  compression 
is  -jlg-  inch  can  be  obtained  only  when  the  anvil  is  so  set  and  of  such 
material  that  the  yielding  there  occurring  cjuinot  absorb  more  than  the 
allowed  10  per  cent,  of  the  total  work  of  the  falling  mass.  The  same 
remark  applies  to  the  table  generally,  but  the  loss  may  always  be  ex- 
pected to  fill  within  the  assumed  figure  for  the  smaller  weights  and 
lesser  heights  fallen  through.  If  the  machine  is  well  built  and  the 
anvil  and  foundation  are  of  ample  size  and  rigidity  for  good  work,  it 
is  not  improbable  that  the  higher  figiu-es  can  be  readily  obtained  ;  pro- 
vided also  that  proper  precautions  are  taken  in  the  setting  of  the  press. 

,The  intensity  of  pressure  attainable  is  evidently  determined  by  the 
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area  of  the  surface  exposed  to  the  action  of  the  drop,  and  this  in  turn 
determines  the  distance  through  which  crushing  may  occur.  The  fig- 
ures given  in  the  table  are  total  pressures,  and  the  meam  intensity  of 
pressure  corresponding  to  these  amounts  is  to  be  obtained  by  dividing 
the  total  pressure  as  shown  in  the  table  by  the  area  of  section  of  the 
crushed  piece,  or  by  the  mean  area  opposed  to  the  crushing  action 
during  the  operation.  The  proper  comparison  is  that  of  the  energy 
of  the  falling  weight  with  the  "resilience,"  elastic  or  total,  or  both, 
of  the  mass  on  the  anvil  or  in  the  dies. 

PRESSURES   OF   THE    DROP-PRESS. (EFFICIENCY    90    PER   CENT). 
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The  limit  to  the  resistance  of  any  mass  on  the  anvil  is  found  at  the 
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pressure  at  which  the  metal  will  "  flow  "  continuously.  This  pressure 
varies  not  only  with  the  kind  of  metal,  but  also  with  every  variation  in 
the  chemical  composition,  the  physical  structure  or  the  form  and 
method  of  support  of  the  piece.  For  general  use  the  value  of  this 
"  modulus  "  may  be  taken  at  about  the  value  of  the  shearing  resistance 
of  the  material.  For  soft  wrought  iron,  for  example,  it  may  be  taken 
at  about  50,000  pounds  per  square  inch  (3,515  kg.  per  sq.  cm.)  for 
moderately  hard  iron  at  a  figure  20  per  cent,  higher,  and  for  pure 
copper  at  about  one-half  the  latter  figure.  There  is,  however,  a  great 
difference  in  the  behavior  of  the  two  metals  under  pressure.  The  for- 
mer has  a  distinct  elastic  limit  in  its  original  state  which  becomes 
"  exalted,"  as  was  shown  by  the  writer  some  ten  years  ago,  when  the 
piece  is  distorted,  and  becomes  approximately  equal  to  the  maximum 
force,  producing  change  of  form,  remaining  permanently  altered. 
The  metal  thus  transformed  does  not  yield  subsequently  to  any  less 
pressure.  It  will  not  flow  under  any  pressure  less  than  that  which  is 
required  to  produce  distortion  immediately  upon  its  application.  Cop- 
per, however,  has  no  true  and  measurable  elastic  limit  in  its  original 
condition  as  found  in  the  market,  and  it  does  floAv  under  the  continued 
action  of  forces  far  less  than  those  required  to  produce  rapid  and  con- 
tinuous distortion  by  steady  pressure.  A  load  which  produces  no 
visible  effect  when  first  applied  will  after  a  time  be  found  to  have 
caused  a  very  decided,  and  often  a  very  extensive,  alteration  of  the 
form  of  the  mass.  This  is  also  a  now  well-known  property  of  some 
kinds  of  brass  and  of  many  other  metals  belonging  to  what  the  writer 
has  called  the  tin  class,  to  distinguish  them  from  the  metals  of  the 
iron  and  steel  class,  which  do  not  exhibit  this  treacherous  behavior. 
This  difference  is  of  some  importance,  not  only  as  indicating  the  best 
method  of  working  them,  but  also  as  showing  that  the  first  of  these 
two  classes  is  a  safer  class  to  deal  with  where  the  metal  is  to  be  used 
in  the  carrying  of  heavy  and  unintermitted  stress  than  is  the  second 
class. 

Another  important  distinction  between  tiiese  two  classes  is,  as  iudi- 
-cated  by  the  results  of  investigations  made  by  the  writer,  that  the 
"  iron  class,"  which  includes  all  the  irons  and  all  of  the  steels,  offers 
more  resistance  as  the  rupturing  action  is  slower,  while  the  "  tin  class," 
which  includes  nearly  all  the  otiier  metals  and  very  nearly  all  of  the 
alloys  that  the  writer  has  ever  tested,  yields  the  more  readily  the  more 
slowly  the  distortion  goes  on.     The  second  class  is  thus  subject  to  that 
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singular  kind  of  change  of  form  under  heavy,  continuous  stress  which 
is  illustrated  in  the  movement  of  all  viscous  solids — ice,  for  example,, 
as  seen  in  its  flow  in  the  glacier.  This,  it  seems  probable,  may  often 
occur  under  pressures  far  within  those  which  are  required  to  cause 
change  of  form  in  the  testing  machine  in  the  ordinary  methods  of  test. 
Iron  has  been  found  by  Vicat,  and  later  by  the  writer,  to  exhibit  some 
such  a  phenomenon,  but  only  when  the  pressures  are  considerably 
above  one-half  those  usually  found  for  the  moduli  of  rupture,  and 
this  action  is  only  seen  in  serious  degree  when  the  iron  has  been  an- 
nealed and  thus  softened.  Common  merchant  iron,  so  far  as  the  writer 
is  aware,  does  not  show  any  tendency  to  such  slow  and  imperceptible 
yielding  under  moderate  loads. 

The  bearing  of  these  facts  upon  the  value  of  the  drop  press  as  a 
means  of  working  iron  and  other  metals  into  shape  is  obvious.  Change 
of  form  can. begin  only  wheri  the  elastic  limit  of  the  material  is  passed, 
and  flow  can  progress  steadily  and  uninterruptedly  only  when  the 
pressure  applied  is  in  excess  of  the  resistance  of  the  metal  in  question 
to  flow.  The  soft  metals  which  belong  to  the  "  tin  class  "  are  best 
attacked  by  processes  which  cause  a  comparatively  slow  motion  of 
their  particles  in  changing  form ;  iron  and  steel,  on  the  contrary,  being 
less  resistant  at  high  than  at  low  velocities  of  flow,  are  best  wrought  by 
methods  which  produce  rapid  distortion.  Pi-ofessor  Kick,  of  Pragu,e,, 
has  shown  very  plainly  that  this  difference  in  the  amount  of  work 
demanded  by  the  soft  metals  under  the  two  kinds  of  treatment  may 
amount  to  a  very  important  quantity.  He  finds  that  the  distortion  of 
bodies  by  the  action  of  the  hydraulic  press  and  by  the  action  of  a 
hammer  dealing  a  succession  of  blows  to  produce  the  same  change  of 
form  consume  power  in  the  ratio,  in  some  cases,  of  one  to  ten.  It  is 
thus  evident  that  the  hammer  or  the  drop  is  to  be  used  for  those 
special  cases  in  which  the  pressures  desired  can  not  be  reached  by 
ordinary  metliods,  and  that  it  is  best  adapted  to  the  working  of  iron 
and  steel.  The  hydraulic  press  and  automatic  machinery  are  to  be 
preferred  where  they  can  be  conveniently  and  cheaply  used.  For 
much  of  the  work  that  is  now  done  in  our  smaller  kinds  of  manu- 
facturing, the  drop  has  been  shown  by  experience  to  be  the  only 
machine  which  will  give  the  required  enormous  pressures  and  do- 
the  work  rapidly  and  cheaply. 

The  maximum  area  of  surface  exposed  to  pressure  which  will  be 
allowable  for  any  given  amount  of   compression  can  be  determined 
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approximately  by  dividing  the  total  raeau  pressure  due  to  the  action  of 
the  drop  with  the  given  fall,  and  the  proposed  compression  by  the 
maximum  resistance  of  the  material.  The  maximum  area  which  will 
permit  any  action  upon  the  surface  is  to  be  ascertained  by  dividing  the 
same  maximum  pressure  due  the  fall  of  the  drop  by  the  elastic  limit 
of  the  metal  in  compression. 

The  total  work  absorbed,  or  the  resilience  of  the  mass,  up  to  the 
ela.stic  limit  is  to  be  measured  by  multiplying  the  elastic  resistance  by 
one-half  the  precentage  of  compression  which  marks  the  elastic  limit ; 
the  result  measures  the  resilience  in  inch-pounds  when  the  unit  of 
measure  is  the  inch,  and  in  centimeter-kilograms  when  the  units  are 
metric.  The  total  work  done  in  any  permanent  change  of  shape  is 
proportional  to  the  volume  aifected  and  to  the  maximum  resistance  of 
the  material  to  such  deformation. 

What  figures  shall  be  adopted  for  the  resistance  to  be  calculated 
upon  in  the  pi'oduction  of  flow  in  metals  subjected  to  the  action  of  the 
drop  press  is  a  question  which  the  writer  is  unable  to  answer  definitely. 
It  would  seem  probable  that  the  effect  of  the  blow  may  be,  in  the  case 
of  cold  metal,  somewhat  similar  to  that  of  cold-rolling,  and,  this  being 
the  case,  the  initial  resistance  to  flow  must  be  taken  as  at  least  70,000 
pounds  per  square  inch  (4,921  kg.  per  sq.  cm.)  and  the  resilience  during 
flow  at  as  high  as  70,000  inch-pounds  per  cubic  inch  (4,921  kg.  m.,  per 
cubic  centimeter)  for  good  common  wrought  iron.  It  may  be  safe  to 
take  the  figure  for  hot  iron,  as  usually  wrought  at  less  than  one-half 
this  amount.  For  copper  the  writer  would,  in  the  absence  of  exact 
data,  take  the  work  of  deformation  to  be  two-thirds  that  of  iron  for 
pieces  of  small  section,  and  would  expect  a  grejit  increa.se  of  resistance 
with  either  metal  when  the  surface  acted  upon  by  the  drop  becomes 
large  in  proportion  to  its  thickness.  Probably  no  very  reliable  figures 
can  yet  be  given.  "Whatever  the  resistance  may  be,  the  drop  will  be 
very  certain  to  overcome  it,  and  the  variation  in  its  amount  will  simply 
determine  how  many  blows  must  be  struck  to  obtain  a  given  amount 
of  change  of  form. 

Phosphorescent  Paper. — Tlio  PapUr  ZW^imr/ gives  the  following 
recipe  for  preparing  a  waterproof  i)aper,  which  will  shine  in  the  dark: 
10  parts  water,  40  parts  paper  stock,  10  parts  phosphorescent  powder, 
1  part  gelatine,  and  1  part  bichromate  of  potash. — Bingler's  Journal, 
Noveml)er,  1882.  C. 
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THE  THEORY  OF  TURBINES. 

[abstract.] 


By  Robert  H.  Thurston. 

[Am.  Soc.  Mechanical  Engineers:  November  Meeting,  New  York,  1883. 


1.  Introduction. — The  theory  of  whirl  as  given  in  some  standard 
works  and  text-books  on  hydraulic  machines,  is  partly  based  upon 
an  hypothesis  which  is  only  approximately  correct  for  a  single  rare 
case,  and  which  is  widely  inaccurate  for  all  usual  forms  of  this 
class  of  "  prime  movers."  The  hypothesis  here  referred  to  assumes 
that  the  total  eifort  of  centrifugal  force,  and  the  work  done  by  or 
against  this  force,  are  precisely  the  same  whether  the  mass  of  water  is 
at  rest  relatively  to  the  wheel,  as  in  a  Whitelaw  turbine,  revolving 
with  the  orifices  closed,  or  in  motion,  traversing  the  passages  of  the 
wheel,  as  in  ordinary  work  ;  it  further  assumes  that  this  action  is  the 
same  whatever  the  motion,  as  to  direction  and  velocity,  relatively  to 
the  wheel. 

The  falsity  of  this  hypothesis  is  obvious  when  it  is  considered 
that  the  action  of  centrifugal  force  is  determined,  not  simply  by  the 
motion  of  the  wheel  itself,  as  previously  assumed,  but  by  the  absolute 
motion  of  the  water  passing  through  the  wheel.  In  the  design  of  the 
turbine,  it  is  easy  to  produce  an  indefinite  variety  of  paths — in 
space — for  the  water  sweeping  through  the  wheel,  and  yet  to  secure 
maximum  efficiency.  This  path  may  be  made  nearly  straight  in  some 
forms  of  turbines  with  guides,  and  thus  centrifugal  action  may  be 
prevented ;  or  the  path  may  be  a  spiral  of  any  desired  class — as,  for 
example,  in  "  Barker's  mill "  or  Segner's  wheel — and  centrifugal 
force  thus  made  a  maximum  and  the  work  done  by  or  against  that 
force  is  also  a  maximum. 

These  two  thus  form  the  limits  between  which  all  ordinary  cases 
fall.  In  very  many  outward-flow  turbines,  having  narrow  crowns, 
the  path  of  the  water,  in  space,  is  so  nearly  rectilinear  that  the  centri- 
fugal action  may  be  neglected.  In  fact,  the  best  Boyden  and  Francis 
wheels  have  been  designed  without  reference  to  the  accelerating  action 
of  this  force  ;*  the  form  of  bucket  is  such  as  to  give  a  rectilinear  path 

*  Francis  remarks :  "...  it  is  difficult  to  see  how  centrifugal  force  can 
operate  in  the  important  manner  that  is  commonly  assigned  to  it."  Lowell 
Hydraulic  Exi)eriments,  p.  42. 


Dec,  1883.]  The  Theory  of  Turbines.  441 

to  the  water,  aud  the  velocity  and  vokinie  of  discharge  have  b6en  cal- 
culated as  if  no  such  acceleration  occurs,  and  their  high  efficiency  is  a 
proof  that  such  cases  may  be  safely  so  treated.  In  inward-flow  wheels, 
a  class  to  which  a  very  large  proportion  of  the  most  successful  wheels 
now  constructed  belong,  this  action  is  of  importance. 

Since  the  energy  gained  or  expended  by  centrifugal  action  is  neither 
added  to  nor  subtracted  from  the  lost  energy  of  the  wheel,  the  rate  of 
discharge  into  the  tail-race  being  constant,  as  it  may  always  be  made 
by  properly  adjusting  the  speed  of  rotation  of  the  wheel,  it  is  evident 
that  the  efficiency  of  the  wheel  cannot  be  affected  by  it,  and  that  it 
simply  determines  a  change  of  the  speed  which  produces  the  best  effect. 
Thus,  for  example,  were  it  possible  to  make  two  "  reaction  wheels " 
of  the  Scotch  type,  in  one  of  which  this  action  should  be  felt  aud  in 
the  other  not,  the  speed  of  highest  efficiency  of  the  former  would  be 
infinite,  while  that  of  the  latter  would  be  finite,  aud  yet  the  efficiencies 
of  both  wheels  might,  according  to  pure  theory,  be  maxima. 

In  the  outward  flow  turbines,  as  actually  constructed,  this  modi- 
fication of  speed  is  practically  unobservable  and  the  effect  of  centrifu- 
gal action  on  the  maximum  of  efficiency  is  still  less  perceptible, 
although  the  path,  in  space,  of  the  water  crossing  the  wheel  is  not  rec- 
tilinear, but  considerably  curved.  This  is,  however,  largely  a  matter 
of  design,  and  the  engineer  may  easily  so  form  his  wheel-buckets, 
within  tolerably  wide  limits,  as  to  obtain  a  considerable  or  an  incon- 
siderable centrifugal  action.  As  the  form  of  the  bucket  is  the  line  of 
relative  motion  of  the  water  and  wheel,  he  may  adopt  any  path  and 
any  law  of  variation  of  absolute  angular  and  radial  motion  that  he 
may  find  convenient  or  that  he  may  desire,  and,  constructing  the  rela- 
tive motion  so  obtained,  obtain  a  form  of  bucket  which  will  give  the 
proposed  motion  in  space. 

2.  Centrifugal  force,  in  turbines,  has  the  effect  of  causing  a  change 
in  the  head  acting  in  the  wheel  to  produce  outflow  at  the  orifices  on 
the  delivery  side  of  the  wheel  and  thus  of  pro<lucing  a  difference  in 
the  amount  of  actual  energy  stored  in  the  issuing  stream.  This 
change  of  head  causes  an  increase  of  velocity  in  the  water  flowing 
through  the  wheel-passages  of  outward-flow  wheels,  a  decrease  in 
inward-flow,  and  no  change  in  parallel-How  wheels;  it  thus  is  meas- 
ured by  a  head  which  is  deducted  from  the  total  head  driving  the  first 
class  and  is  added  to  that  driving  the  second  class  of  wheels,  the  final 
velocity  being  the  same ;  or,  the  head-race  level  being  the  same,  and 
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the  orifices  unchanged  in  area,  the  effect  is  to  increase  the  head  at  the 
orifice,  or  to  diminish  it,  as  the  case  may  be,  and  thus  to  cause  accele- 
ration or  retardation  of  flow.  This  action  has  a  useful  regulating 
effect  in  the  inward-flow  wheel  and  a  disturbing  action  in  the  outward- 
flow  turbine. 

3.  The  magnitude  of  the  total  effect  varies  with  the  extent  to  which 
the  water  partakes  of  the  rotation  of  the  wheel,  being  a  maximum,  as 
already  stated,  where  they  have  the  same  angular  motion,  and  becom- 
ing zero  when  the  path  of  the  fluid  in  space  is  made  rectilinear;  it 
may  have  any  intermediate  value. 

As  shown  in  all  works  on  mechanics,  the  acceleration  due  to  centrifu- 
gal force  is 

/--^  =  «V  (1.) 

r 

where  f,  r,  and  a  are  respectively  the  linear  velocity,  the  radius,  and 
the  angular  velocity  of  the  particle  in  its  orbit.  This  dynamic 
measure,/,  of  centrifugal  force  is  so  related  to  the  static  measure,  F, 
of  its  effort  and  to  the  weight,  W,  that 

—  =1;  F=  3If=—a'r  .'.  F=  2  ^"L  =  hvh  (2.) 

W        g  g  r  1g         r 

when  g  and  h  are  the  acceleration  of  gravity  and  the  height  due  the 
velocity,  v.     Then 

i^=   ir^=  Wr—1-  =1-22417-  =  0-00034iV^2  p^,, 
rg  gf  t' 

if  iV^  revolutions  per  minute,  t  =  time  of  one  revolution  in  sec- 
onds ;  this  is  a  useful  standard  equation. 

4.  The  work  of  centrifugal  force  is  easily  determined  when  the  law 

W 
of  variation  of  v  with  r  is  known.     Thus  F  =  —  a^x  and  the  work 

9 
done  by  or  against  i^in  transit  from  one  point  to  another  along  any 
line,  having  angular  motion,  a,  is 

U=  f  Fdx  =  W "^jxdx  =  W  —{x^  —  x^)  (3) 

When  X  =  r, 

U=W_{vi-v,^)  (4) 

when  Vj  and  i'2  are  the  linear  velocities,  initial  and  final. 
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Again,  when  a  body  enters  upon  any  path,  in  a  revolving-system, 
with  an  initial  velocity,  V^,  relative  to  that  system,  and  leaves  with  a 
relative  velocity,  V2,  no  other  force  acting  upon  it  than  the  deviating 
centrifugal  force,  the  change  of  energy  will  be  due  to  the  action  of 
that  force  and  will  measure  the  work  done  bv  it.     Then 


V2 T7-2  .,2  2 

W  -li -L  =  W  h \  ;    T?  —  T7  =  I-/ 

29  2g       '      -  '  ' 


2 


1 


and  the  head,  h^,  to  which  the  change  is  due 

V^          V-            n^ 

^9               ^9 

^  29 

when   n  =  -^. 

y.  =  V    (^-2^  -  ^\'  +   T7)     =   1/  [  V,^  +  a\ri  -  r^j\        (5) 

The  energy  gained  is 

T"2 y2 


(6) 


'1 

5.  First  case. — The  maximum  possible  work  of  centrifugal  action 
in  any  form  of  turbine  is  thus  found  to  be 

U,  =  W{n^  -l)t^  =  Dq'l;L  {n^  -  1)  (7) 

29  ^9 

if  D  and  Q  are  the  specific  heaviness  and  the  volume  of  water  flowing 
through  the  wheel  per  second. 

The  coefficient,  (n^  —  1)  =  f(n),  will  be  of  frequent  occurrence  in 
later  equations. 

a^r  ^ 
The  head,  (n^  —  1) L  :=  h^,  accelerates    outward    and    retards 

inward  flow,  since  n'  —  1    is  positive  for  outward  and  negative  for 
inward-flow  wheels,  and  the  head  at  the  penstock  must  be 

h  =  h^  —  h^  and  h^  =  h  -{-  \  (8) 

if  h^  is  the  hc^d  due  the  velocity  of  outflow  through  the  exit  ori- 
fices when  h  is  the  head  due  the  energy  at  entrance. 

6.  A  second  wise  in  which  the  linear  velocity  of  rotation,  r,  dimin- 
ishes uniformly,  as  the  water  traverses  the  wheel,  is  that  probably 
most  usually  illustrated  in  turbines.  When  the  wheel  is  driven  at  the 
speed  of  maximum  efficiency,  this  velocity  becomes  zero  at  the  exit 
and  the  motion  of  the  issuing  current  is  simply  radial.     Then 
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r. 


v=-^ v,',v'  =  (J—)    v,'=    I  ,, 

r^  —  r^  \7'2  —  r,/  i J: 

[_  71 1 


and  BQK  =  ^/""_f  ctr  =  -^    ^.!/""(  „  _  Jl)'*  ; 
9   ^  r^    r  (71  —  1)2  2^^  ^  ^^   \  ?-i/    r 

=  (~^^  1^  ^^""^  ^^^^ ""  ~  ^"^''  -  1)  +  >i^  -  1] ;  (9) 

^'  =2  (n  -  IV  f^^'"'  ^""^^  ""  ~  ^''^''  _  1)  +  n^  _  1]  =  ^lf[n)    (10) 

2 

Here,  as  before,  the  coefficient  of  the  quantity  ^,   which   measures 

the  head  due  the  initial  velocity  of  whirl  v^  is  simply  a  function  of  n. 

7.  A  third  case  is  that  in  which  the  energy,  instead  of  the  velocity 

of  rotation,  of  the  particle  is  given  a  uniform  increment  or  decrement, 

i.  e.,  d  I   -L   \  =  constant  instead  of  dv  =  constant.     This  case  is  less 

V  2^  / 
frequently  met  with  than  the  last,  but  is  probably  not  infrequently 
ap^iroximated  in  practice.     Then 

r 


n  — 

V,    =   i-  V 


1    1,  2  . 
1    ) 


and 


r^  —  r^  n  —  1 

2DQ     V,'    r^ri    /  r  \dr 

=  2Dq  "^t    (^^log^n-l)  (11) 

Ig    \  n  —  1  / 

/(^)=2     (^^^loge^-l)  (12) 

This  adjustment  of  velocities  produces  considerably  greater  values 
of  /(n.)  than  the  preceding,  and  is,  therefore,  probably  more  desirable 
for  inward-flow  wheels. 

8.  Other  methods  of  variation  of  v  may  be  adopted  by  the  hydrau- 
lic engineer,  as,  for  example,  ?;  =  Vj  =  constant,  when  flow  varies, 

DQK  =  2DQ'h^  ^'  =  i)§^  .  2  log,  n  (13) 

2g  ^  j.^      r  2g 

and  f{n)  =  2  log,  n.  (14) 
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8.  Numerical  values  of  N  =  f  {n)  are  given  iu  the  following  tables 
for  each  of  the  above  cases  : 


TABLE  I. 

Values  of/  (n)  in  Equation  7. 


n 

/(n) 

n 

/(n) 

0-1 

—0-99 

1-1 

+  0-21 

0-2 

—0-96 

1-2 

+  0-44 

0-3 

—0-91 

1-3 

+  0-69 

0-4 

-0-86 

1-4 

+  0-98 

0-5 

-0-75 

1-5 

+  1-25 

0-6 

-0-64 

1-6 

+  1-56 

0-7 

—0-51 

1-7 

+  1-89 

0-8 

-0-36 

1-8 

+  2-24 

0-9 

-0-19 

1-9 

+  2-61 

1-0 

-0-00 

2-0 

+  3-00 

TABLE  II. 
Values  of  i  iV  in  Equation  9. 
dv  =  constant ;  v  tx  (r, — r) 


n 

/(n) 

1 

! 

/(») 

0-1 

-0-834632 

I'l 

+  0-065068 

0-2 

-0-701 180 

1-2 

+  0-127148 

0-8 

— o-58.5i;w 

1-8 

+  0-186570 

0-4 

—0-481147 

1-4 

+  0-243569 

0-5 

—0-386294 

1-5 

+  0-298374 

0-6 

-0-298715 

1-6 

+  0-351157 

0-7 

-0.217129 

1-7 

+  0-402104 

0-8 

-0-110578 

1-8 

+  0-451.338 

0-9 

-O-0«8417 

1-9 

+  0-498993 

10 

-0-000000 

2-0 

+0-M5175 
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TABLE  III. 

Values  of  jYin  Equation  11. 
d  (v")  =  constant ;  v  oc  {r^ — r)\. 


n 

1 
/(n) 

n 

fin) 

0-1 

—1-488314 

1-1 

+  0-096824 

0-2 

-1-195281 

1-2 

+  0  -187858 

0-3 

—0-969802 

1-3 

+  0-273824 

0-4 

—0  -778279 

1-4 

+  0-a35303 

0-5 

—0-613706 

1-5 

+  0-432791 

0-6 

— 0-467523 

1-6 

+  0-506686 

0-7 

-0-335553 

1-7 

+  0-517337 

0-8 

—0.214850 

1-8 

+  0-645040 

0-9 

-0-103509 

1-9 

+  0-710049 

1-0 

—0-000000 

2-0 

+  0-772589 

TABLE  IV. 

Values  of  N  in  Equation  13. 
■V  =  V*       constant. 


n 

/(n) 

n 

fin) 

0-1 

—4-6052 

1-1 

+  0-1906 

0-2 

—3-2189 

1-2 

+  0-3646 

0-3 

—2-4180 

1-3 

+  0-5241 

0-4 

— 1--8326 

1-4 

+  0-6629 

0-5 

—1  -3863 

1-5 

+  0-8109 

0-6 

—1-0217 

1-6 

+  0-9400 

0-7 

—0-7134 

1-7 

+  1  -0612 

0-8 

—0-5463 

1-8 

+  1-1055 

0-9 

—0-2107 

1-9 

+  1-2837 

1-0 

—0-0000 

2-0 

+  1-3863 

9.  A  Turbine  consists  of  a  pair  of  cylindrical  rings  or  flat  annular 
bands  revolving  about  an  axis,  usually  horizontal  but  often  vertical, 
and  connected  by  curved  buckets  or  vanes.  It  differs  from  the  older 
forms  of  wheels  in  the  fact  that  the  water  passes  through  the  wheel, 
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the  buckets  having  two  openings,  the  one  for  entrance  and  the  other 
for  exit,  while  in  the  other  forms  of  water  wheel,  the  buckets  have  but 
a  single  opening,  the  water  entering  and  leaving  by  the  same  orifice. 
The  turbine  is  also  distinguished  by  the  method  of  transfer  of  energy 
from  water  to  wheel.  In  the  old  forms  of  wheel,  the  fluid  acts  by 
weight,  as  in  overshot  and  breast-wheels,  or  by  impulse  and  later 
reversion  with  reaction,  as  in  the  Poncelet  form  of  undershot ;  while, 
in  turbines,  the  transfer  is  never  by  weight  and  is  usually  principally 
due  to  impulse  and  reaction  without  reversal  of  relative  motion. 

10.  The  Action  of  the  Turbine  is  substantially  the  same  in  all  its 
forms.  A  current  of  water  flowing  from  under  a  certain  head,  with  a 
velocity  which  in  some  cases  is  that  due  the  total  head,  as  in  the 
"  turbines  of  free  deviation,"  and  sometimes  to  a  part  of  that  head 
only,  as  in  pressure  turbines,  is  given  a  certain  lateral  direction  or 
whirl,  such  that  the  energy  of  direct  flow  becomes  but  a  small  fraction 
of  the  total  energy  of  the  fall,  and  this  whirl  is  then  taken  up  and  its 
energy  given  out  upon  the  wheel  which  only  permits  its  discharge,  if 
working  correctly,  when  all  energy  of  whirl  has  been  applied  to  drive 
the  wheel  and  when  the  energy  of  direct  flow  has  been  made  a 
minimum. 

The  resultant  motion  of  water  and  wheel  is  that  of  the  current  on 
the  wheel,  and  the  absolute  motion  of  the  stream  may  be  made  what- 
ever the  engineer  may  desire,  within  certain  limits,  by  making  the  path 
on  the  wheel  such  as,  at  the  best  speed  of  the  turbine,  shall  produce 
that  motion.  The  character  of  this  motion,  while  the  available  energy 
of  the  fall  is  being  tiiken  up  by  the  wheel,  is  usually  determined  either 
by  custom  or  by  the  individual  preference  of  the  designer.  It  is 
properly  determined  by  the  character  of  the  wheel  which  is  to  be 
designed.  Generally,  in  outward-flow  wheels,  the  path  of  the  water  in 
space,  while  traversing  the  wheel-buckets,  should  be  nearer  rectilinear 
than  in  inward  flow  wheels  in  order  that  the  action  of  centrifugal  force 
produced  by  the  whirl  should  disturl)  tiie  former  as  little,  and  assist  in 
regulating  the  latter  as  much  as  possible.  The  paths  of  the  current 
in  space  and  on  the  wheel  may  be  obtained  either  by  the  generally 
rough  empirical  methods  which  are  given  in  the  older  treatises  on  tur- 
bines and  are  usually  practised  in  the  drawing  office,  by  more  exact 
graphical  construction,  or  by  precise  construction  from  the  equations 
of  the  curves  representing  those  paths  as  given  later  in  this  paper. 
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11.  Friction  in  the  guide  passages  and  bucket-channels  causes  a  loss 
of  a  notable  part  of  the  energy  of  the  fall. 

For  any  given  style  of  turbine,  its  amount  may  be  readily  estimated 
and  as  nearly  correctly  as  is  practically  important.  Calling  the  whole 
head  H,  and  the  head  lost  by  friction  /ij,  the  remaining  usefully  appli- 
cable part  of  the  head  will  be 

K  =  H—h,  (15) 

In  the  following  treatment,  it  will  be  assumed  that  the  friction- 
waste  is  thus  accounted  for  and  the  theory  of  the  turbine  will  be 
developed  without  regard  to  this  loss,  considering  the  head  acting  on 
the  turbine  to  be  simply  A,. 

12.  Ineffective  guidance  is  sometimes  a  cause  of  serious  loss  of 
energy.  This  occurs  when  the  passages  are  so  large  in  cross  section, 
so  short  and  so  sharply  curved,  that  the  stream,  instead  of  following 
closely  and  in  full  volume,  the  line  of  the  bucket  or  guide-curve, 
flows  more  nearly  straight  across  from  entrance  to  exit,  in  a  smaller 
stream,  and  leaves  the  sharp  turns  in  the  curve  filled  with  a  mass  of 
eddying  water,  which  does  not  move  through  the  channel  with  the 
full  velocity  demanded  in  efficient  working.  This  is  an  efifect  of 
sharply  curved  passages  in  wheels  having  an  insufficient  number  of 
buckets  or  guides.  The  best  wheels  have  a  sufficient  number  of 
guides  and  buckets  to  prevent  this  loss,  while  they  have  no  more  than 
is  really  necessary,  and  are  therefore  not  subject  to  excessive  loss  by 
friction.     It  will  be  here  assumed  that  this  loss  may  be  neglected. 

13.  Final  radial  or  axial  flow  produces  a  loss  which  is,  to  a  certain 
extent,  unavoidable,  as  the  discharged  water  must  be  thrown  into  the 
tail-race,  with  enough  velocity  to  carry  it  clear  of  the  wheel,  and  must 
have  so  much  velocity  in  the  wheel,  in  direct  flow,  that  the  desired 
power  may  be  obtained,  and  the  necessary  volume  of  water  worked 
off  to  produce  that  power,  without  adopting  too  large  a  wheel ;  exces- 
sive size  not  only  causes  increase  of  cost  of  wheel  and  attachments,  but 
also  an  increase  of  loss  by  friction  of  mechanism.  The  magnitude  of 
this  necessary  waste  is  determined  by  the  designer,  by  reference  to  the 
results  of  experience,  or  by  his  judgment  after  studying  the  proposed 
location  and  the  conditions  under  which  the  wheel  is  to  be  operated  ; 
it  varies  usually  from  two  to  ten  per  cent,  of  the  total  energy  of  fall, 
according  to  size  of  wheel  and  to  circumstances  surrounding  it. 

Final  whirl  is  usually  intended  to  be  either  zero  or  so  nearly  zero 
that  this  waste  of  energy  may  be  neglected. 
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14.  Regulation  is  generally  secured  in  turbines  by  the  use  of  an  adjust- 
able "  gate,"  or  equivalent,  which,  usually  under  the  control  of  some 
form  of  powerful  governor,  adjusts  the  flow  of  water  to  the  demand 
of  the  load. 

In  nearly  all  cases,  the  partial  closing  of  the  gate  results  in  a  partial 
contraction  of  the  stream  entering  the  wheel,  or  the  guide  curves,  and 
a  consequent  lo&s  of  head,  which  is  often  a  serious  tax  upon  the  effi- 
ciency of  the  wheel.  In  the  turbine  of  usual  form,  in  which  the  cur- 
rent enters  the  wheel  under  pressure,  and  in  which  the  bucket  channels 
must  be  kept  full  to  give  maximum  efficiency,  the  gradual  closing  of 
the  regulator  causes  a  gradual  reduction  of  pressure  in  the  wheel,  and 
thus,  at  some  point,  converts  it  into  an  impulse  and  reaction  wheel 
without  pressure,  and  the  velocity  of  exit  from  the  guides  at  the  same 
time  becomes  more  nearly  that  due  to  the  total  head,  h^.  This  change 
in  the  method  of  operation  of  the  wheel  leads  to  a  waste  of  energy, 
also,  as  it  compels  the  working  of  the  wheel  at  a  wrong  speed  and 
under  conditions  for  which  it  was  not  designed.  An  advantage  which 
often  partly  compensates  this  defect,  however,  is  that  the  range  of 
regulator  motion  through  which  the  usually  experienced  variation  of 
power  demanded  carries  the  wheel,  is  somewhat  extended  and  regu- 
lation is  thus  made  easier;  this  occurs  by  the  increasing  velocity  of 
flow  Fj,  as  the  pressure  in  the  wheel  is  reduced  while  the  regulator  is 
closing,  and  vice  versa;  the  tendency  is  thus  to  regulate,  by  decreasing 
the  volume  of  flow  rather  than  the  working  head,  A,. 

In  the  theory  of  the  operation  and  the  efficiency  of  the  turbine,  it 
is  assumed  that  the  wheel  is  working  at  full  gate.  Where  a  large  but 
uniform  amount  of  power  is  demanded,  the  great  loss  of  efficiency 
thus  met  with  in  some  classes  of  wheels  can  be  reduced  by  putting  in 
two  or  more  wheels,  one  only  of  which  is  regulatetl,  the  other  or 
others  being  worked  at  full  gate,  and  thrown  off  or  on  as  may  be  neces- 
saiy,  one  by  one. 

15.  The  Pure  Theory  of  Turbines  is  very  simple,  and  the  principles 
of  their  construction  are  easily  deduced  therefrom.  Neglecting  the 
action,  for  the  present,  of  centrifugal  force  and  the  losses  by  friction, 
the  action  of  the  regulator  and  other  causes  of  waste  which  are  more 
or  less  avoidable,  it  is  easy  to  derive  expressions  for  maxinium  efli- 
cienoy,  and  from  them  to  deduce  principles  guiding  the  engineer  in 
their  design  and  construction. 

.  In  all  cases  the  efficiency  is 
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where 


E=Dq{\-h,)-^Dq\  =  hizh.^  (16) 

h^ 

D  =  the  heaviness  of  water ; 

Q  =  the  volume  of  water  flowing  per  second ; 

Aj  =  the  head  in  the  supply  chamber ; 

Ag  ^  the  total  loss  of  head. 

In  DQh^  may  be  included  all  losses  of  energy,  whether  by  leakage, 
friction,  or  final  flow.  It  is  evident  that  it  is  a  matter  of  indifierence, 
which  form  or  type  of  wheel  is  adopted,  so  far  as  its  efficiency  is  con- 
cerned, provided  that  these  losses  are  reduced  to  the  same  minimum. 
All  wheels  of  the  same  type  will,  theoretically,  have  the  same  effi- 
ciency, if  designed  with  the  same  angle  of  discharge,  /9,  and  for  the 
same  velocity  of  final  outflow. 

Since  the  form  of  wheel  is,  to  a  certain  extent,  a  matter  of  indifier- 
ence, and  an  infinite  variety  of  wheels  may  in  theory  be  made  to  give 
the  same  efficiency,  it  is  evident  that  it  will  be  necessary,  in  order  to 
ascertain  the  proportions  of  parts,  to  study  the  special  types  of  wheel 
proposed  to  be  used  in  order  to  ascertain  the  values  of  Aj  the  total  head 
driving  the  wheel,  and  especially  of  Ag,  the  loss  of  head,  and  thus  to 
determine  for  each  case  the  principles  involved  in  the  correct  method 
of  working  for  high  efficiency. 

The  value  of  the  maximum  efficiency  of  certain  types  of  wheel  can 
be  written  out  at  once  in  certain  cases.  Of  the  total  energy  reaching 
the  wheel,  when  revolving  at  that  speed  which  reduces  final  whirl  to 
zero,  none  is  lost,  except  that  of  .final  direct  flow.  If  /9  is  the  exit 
angle  of  the  wheel  bucket,  reckoned  between  the  tangent  and  the  line 
of  flow,  the  velocity  of  final  flow  is,  in  the  "  turbine  of  Whitelaw," 
Vsin. /?;  the  lost  energy  is  BQV^  sin.^  l^-^2g;  the  energy  of  the 
fall  is  DQV^,  and  the  efficiency  is 

E=DQ  (Il_-Z_p'il:!i')  =  1  -  sin.'  /9  =  cos.'  /9     (17) 

For  certain  cases  in  which  the  head  giving  whirl  is  divided,  as 
in  the  parallel  flow  wheel,  the  one  half  producing  the  flow  from  the 
guides,  the  other  half  causing  acceleration  in  the  wheel  and  final  rela- 
tive whirl,  the  efficiency  is  obviously 
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DQiK-h,)  2 


E  = 


DQ  (h,  —  h^)  +  DQ  (A,  —  h^)  sec.2  ^  ~  1  +  sec.^  ^ 
2  2 

2 


(18) 
2  +  tan.2  /9  ^     ^ 

It  is  seen  that  when  a  wheel  is  turning  at  the  best  speed,  the  effi- 
ciency depends  solely  upon  the  magnitude  of  the  angle  of  discharge,  ,3, 
and  that  the  lost  energy  is  simply  that  of  final  direct  flow,  and  that 
the  efficiency  approaches  unity  as  ^9  approaches  zero.  It  is  further 
seen  that,  as  the  speed  can  always  be  adjusted  as  to  prevent  loss  of 
energy  by  final  Avhirl,  the  study  of  types  and  forms  is  principally 
important  as  aifording  a  means  of  ascertaining  the  method  of  division 
of  head  and  the  probably  best  velocity  of  rotation. 

The  following  treatment  is,  for  the  reasons  above  indicated,  directed 
to  the  cases  of  simple  types  of  wheel  and  to  a  general  discussion  relat- 
ing to  the  case  usually  met  with  in  works  on  this  subject. 

16.  The  turbine  of  uniform  direct  flow  is  one  to  which  analysis  can 
be  readily  applied,  and  one  from  the  theory  of  which  the  most  general 
and  instructive  conclusions  can  be  deduced.  In  this  wheel,  that  com- 
ponent of  the  motion  which  takes  the  water  into  and  through  the 
wheel  is  uniform  and  equal  to  the  velocity  of  final  direct  flow,  and  the 
whirl  which  constitutes  the  other  component  is  usully  varied,  as  the 
stream  traverses  the  wheel,  according  to  a  very  simple  law.  This  uni- 
formity of  direct  flow  is  secured  in  the  parallel-flow  wheel  by  making 
the  wheel  of  equal  diameters  from  receiving  to  discharging  side,  and  in 
other  wheels  by  making  the  depth  between  crowns  vary  inversely  as 
the  radius,  if  we  neglect  the  thickness  of  the  buckets,  which,  however, 
must  be  allowed  for  in  designing. 

It  follows  that,  in  this  wheel,  if 

71  =  the  ratio  -  ^-  of  the  radii, 

a  =  the  terminal  angle  between  the  guides  and  tangent, 
y9  =  the  angle  of  discharge,  as  above, 
u  =  velocity  of  direct  flow. 

Since  Q  =  Ai(==  constant  and  u  =  constant,  tan.  a  =  n  tan.  ,3;  for 
the  velocity  of  relative  whirl,  I'j,  at  ^3  must  l)e  e<[ual  to  ni\,  n  times  the 
whirl  at  exit  from  the  guides,  Vj,  and  the  areas  of  passages  normal  to 
the  whirl  are  inversely  as  these  velocities  of  wliirl,  provided  that  the 
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speed  of  wheel  at  the  receiving  side  is  equal  to  the  whirl  of  the  enter- 
ing water.     Then 

v^  =  u  -^  tan.  a;  t'^  =  it  -^  tan.  /3  (19) 

u  nu 

V2  =  nv^  =  — —  =  

tan./9         tan. a 

and,  as  stated  above, 

tan.  a  =  n  tan.  /9  (20) 

The  velocities  of  the  wheel,  at  the  inner  and  the  outer  periphery, 
are 

IV j^  =  ar^ ;  Wj  =  ^'''2  =  nm\  (21) 

where 

w^  =  velocity  of  whirl  of  receiving  side  of  wheel, 
W2  =  velocity  of  whirl  of  discharging  side  of  wheel, 
a  =  angular  velocity  of  the  wheel, 
rj,  7*2  =  the  radii. 

Evidently,  when  working  properly, 

t?!  =  ar^ ;  v^  =  nm\  =  ar^  (22) 

In  this  wheel,  so  adjusted,  the  motion  of  each  particle  is  uniform 
along  a  radial  line,, which  line  rotates  about  the  centre  of  the  wheel 
at  such  a  rate  that  the  linear  velocity  of  whirl  is  uniformly  diminished 
from  a  maximum  at  entrance,  and  becomes  zero  at  its  exit  from  the 
wheel. 

17.  The  theory  of  the  turbine  of  uniform  direct  flow  is  best  con- 
structed by  considering  the  distribution  of  energy  usefully  and  waste- 
fully,  and  deducing  a  value  for  the  expression* 

K 

The  total  energy  expended  is  that  due  to  the  head,  h^ ;  it  is  obtained 
thus  (centrifugal  action  being  at  present  neglected)  : 

(a)  Energy  of  initial  whirl,  DQ  -L-  head,  J-  =  h' ; 

(b)  Energy  of  initial  flow,  DQ  — ;  head,  —  =z  h"  ; 

2  2 

(c)  Energy  of  reversed  whirl  in  the  wheel,  DQ  ^',  head, -^  =  h'". 

*  This  form  of  wheel  is  that  studied  by  Rankine  (Prime  Movers,  Part  II, 
Chap.  VI). 
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The  last  item  is  the  euergy  gained  in  the  wheel  buckets,  due  to  the 
diiference  of  pressure  at  the  entrance  and  exit  sides,  when  the  wheel  is 
at  the  best  speed.     When  not  at  this  speed,  this  energy  becomes 

^9 
The  energy,  — ^  {t\  —  ar^   must   be   reckoned   with   other   lost 

work. 

The  total  energy  expende<l  is,  for  the  last,  or  general,  case. 

{a\    Dqh^  =  ^^(h'-^h"  ^h"'\ 

=  :?_i  \n^  V,'  (1  +  tan.2  ^)  +  2a  r,  v,  —  a'  rf\  (23) 

2g   L  J 

since  u^  =  n^  v^  tan.^  ^9. 

The  effective  energy  is  obtained  by  deducting  from  the  above  the 
lost  energy  :  this  consists  of 

(e)    Energy  of  final  flow,  ^v?  = ^  n^  v^  tan.^  ^ 

if)    Energy  of  final  whirl,  — t.  {v^  —  na  ?*,)^  =  - — ^[n  {v^  —  ar^f 

'^9  '^9 

and  the  total  waste  is 

(B)  DQh,  =  ^.[n'  r/  (1  +  tan.==  ,9)  —  2  an'  r,  v,  +  n'a'r^^  (24) 
^9 
and  when  the  energy  due  the  quantity  v,  —  w\  is  lost,  we  also  have  a 
waste, 

(g)     Energy  wasted  at  entrance,  — ^(v,  —  ar^Y 

^9 
The  total  effective  energy  is 

(A)  -  (B)  =  ^^{n'  +  1)  (2ar.  v,-  a\^  (25) 

"^9 
The  efficiency  is,  for  the  case  taken, 

E-(^)-^)-         (^'  +  ^)  (2«r,t;.  -aV.')  .^g. 

(A)  n'  V,'  (1  4-  tan.2 ,9)  +  2ar,i\  —  a^r^" 

The  maximum  efficiency  is  evidently  obtained  when  the  wheel  is  at 
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its  normal  speed  and  the  loss  by  whirl  is  a  minimum ;  and  this,  as  is 
seen  by  inspection,  occurs  when 

v^  =  ar^  (27) 

When  v^  =  ar^  •  v^  =  nv^  ='nar-^^:=  nr^,  and 
n2  +  1  n^  +  \ 


E       = 
""•       n^  sec.2  /9  +  1  —  71^  (1  +  tan.^  /9)  +  1 


(28) 


For  the  parallel  flow  turbine,  n  =  l,  and  the  general  equation  for 
E  becomes 

4ariVi  —  2a\^ 


E 


v^  sec.^  /9  +  2ar{v.^  —  a^r^ 

^       _        2 2 

°"^"        sec.2/3+1        2  +  tan.2/9 


(29) 


(30) 


The  limit  of  maxima  is  approached  as  ^  approximates  to  zero  ; 
this  limit  is  unity  for  all  cases. 

The  case  of  the  turbine  of  parallel  flow  above,  is  an  example  of  the 

equal  division  of  head,  ^^  ^  J_+_2.  =  2^  since  v^  =  v.^;  and  this 

2g      1g  2g, 

form  of  turbine,  with  uniform  axial  flow,  other  things  equal,  is  there- 
fore probably  that  least  subject  to  loss  of  energy  by  friction. 

18.  Numerical  Values  of  the  maximum  efficiency  of  turbines  of 
uniform  direct  flow  are  as  follows,  for  the  most  usual  cases  in  which, 
for  the  outward,  the  inward,  and  the  parallel  flow  wheels,  respectively, 

!i-is  taken  equal  to  n  =  1*41 ,  n  =  0*50  ;  n  =1. 


EFFICIENCY   OF   TURBINES. 


Outward  Flow,  n  =  1-41. 

Inward  Flow,  ?i  =  0-50. 

Parallel  Flow,  n  =  1. 

fi 

Eniax- 

H 

Emax- 

fi 

Eniai- 

10° 

0-980 

10° 

0-994 

10° 

0-985 

15° 

0-955 

15° 

0-986 

15° 

0-968 

20° 

0-918 

20° 

0-975 

20° 

0-939 

25° 

0-872 

25° 

0-958 

25° 

0-901 

30° 

0-819 

30° 

0-866 

30° 

0-856 
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For  the  "  Reaction  Wheel "  of  the  usual  form,  in  which  ,3  oau  be 
made  o  without  causing  difficulty  either  of  construction  or  operation, 
we  have 

Comparing  the  above  figures  it  is  seen  that  for  equal  values  of  ^, 
the  inward  flow  wheel  is  most  efficient ;  but  it  is  not  possible  to  adopt 
as  small  values  of  ;9  in  this  wheel  as  in  the  outward  flow ;  in  practical 
work  it  may  usually  be  assumed  that  n  tan.  fi^  a  may  be  made  the 
same  for  all  classes  of  wheel,  although  this  value  may  be  made  slightly 
smaller  in  the  inward  flow  wheel  which  has  a  slight  advantage  in  this 
respect.    The  values  below  may  be  taken  as  usual  for  good  wheels ;  they 


n  =  l 


n  =  0-50 


a  =  14°  — 20° 
0  =  10°  — 14° 
JS:  =  0-980- 0-965 


a  =  14°  — 20° 
0  =  14°  — 20° 
^=0-988- 0-975 


a  =  14°  =  20° 
0  =  20°  — 30° 
^=0-98  —  0-87 


are  often  considerably  greater.  The  apparent  defect  of  efficiency  in  the 
inward  flow  wheel  is  compensated  by  its  smaller  size  and  less  friction, 
and  often,  by  the  use  of  a  "  draught  tube." 

19.  The  total  head  acting  on  any  wheel  in  which  the  whirl  i\  and 
the  velocity  of  rotation,  a^  are  fixed,  has  been  found  to  be 

/i,=  (nV  sec.2 ,3  +  2ar^v^  —  aV)  -^  2g.  (31) 

The  expression,  when  v,  is  constant  and  efficiency  a  maximum,  gives 
<xr,  =  Vj  and 

%^i  .ic.  =  n\'  sec.^  ,3  -j-  aW  =  {n'  sec.^  ,9+1).  (32) 

When  a  =  o  the  wheel  becoming  fixed, 

2gh^  =  n\^  sec.*  /9  =  v/  sec*  ,3.  (33) 

and  the  whole  energy  of  fall  is  wasted,  the  water  issuing  from  the 
wheel  with  the  velocity  due  the  whole  head,  less  that  lost  by  friction, 
while  the  eflbrt  exerted  on  tiie  wheel  becomes  a  maximum. 

20.  The  ratio,     , =  ,  of   the  velocity,  ar.,  of   the  receiving  side 

V2gh,  ^  ^ 


of  the  wheel   to  the  velocity  due  the  licad,    1    2^/i,,  is,  at    maximum 
efficiency, 
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ar.  1 

Z,  =  —^=  =     ,  =  (34) 

which  becomes,  for  parallel  flow  wheels, 

Z.=  ^ =  ^        —  (35) 

T/(sec.%9  +  1)      l/(2  +  tan.2^9) 

and  hence,  in  the  parallel  flow  wheel,  in  which  n  =  l^ 

*^.ax.  =  ^       -  =  2^,^  (36) 

l/(2  +  tan.2/3) 

For  ^  =:  30°  =  a,  Morin  finds,  by  test  of  this  kind  of  wheel,. 
Zj  =  0.65 ;  the  above  expression  gives  z^  =  0*66. 

The  value  of  z',  the  ratio  of  the  velocity  of  the  delivery  side  of  the 
wheel  to  that  due  the  head  is  determined  by  the  design  ot  the  wheel ;. 
in  these  wheels,  z'  ^  n  z^,  and 


y^ nar   n                n 

V^gh,        V  n^  sec.2  /9  +  1          V  n^  +  n^  tan. 

^i5  +  l 

(37 

which,  when  n  ^=  \,  gives 

r^i  a  r^     1 

(38) 

V2gh         l/2  +  tan2/3 
as  before,  and 

p       _       n^  +  1       _  n^  +  I  y2 

(39) 

-'-'max.                9          2  o     1     1                        ■>                1 

vf'  sec^  jS  +  1            V? 

71  — 

(40). 

Vrv"  +  1 

This  result  is  only  correct  for  the  class  of  wheels  here  treated  of,  ini 
which  the  direct  flow  is  uniform  and  tan  a  ^  n  tan  /3. 

21.  The  division  of  the  total  head  into  the  two  parts  producing,, 
respectively,  velocity  in  the  guides  and  pressure  and  acceleration  in 
the  wheel  may  now  be  easily  determined  for  best  effect. 

Neglecting  the  energy  of  direct  flow,  which  is  fixed  by  the  designer 
in  accordance  with  known  conditions  of  working,  the  remaining 
energy  of  the  fall  takes  efl^ect  in  producing  whirl  in  the  guides  and  a 
reversed  whirl  in  the  wheel ;  the  total  is 

*Rankine  finds  this  result  accordant  with  Morin's  experiment;  but  he- 
deduces  this  expression  for  "all  turbines  with  guide-blades  "  (Prime  Movers, 
pp.  195,  196),  which  is  manifestly  incorrect. 
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L\  =  DQ  (!^±Jl!il!  (41) 

Of  this,  one  part,  h^=DQ  -JL  is  that  of  initial  whirl   and  the  other 

n^'  ^     . 
part,/ib  =  J5§ — L_ ,  is  that  of  reversed  relative  whirl  in  the  wheel; 

^9 

they  thus  have  the  relation, 

^ :  _^_  =  1  :  n\  (42) 

22.  The  "  turbine  of  free  deviation,"  or  turbine  without  pressure, 
is  another  typical  case  which,  if  radial  flow  be  uniform,  can  be  treated 
by  an  equally  simple  method.  In  this  turbine  the  water  escapes  from 
the  guides,  with  the  full  velocity  due  the  head,  into  a  wheel  in  which 
there  is  no  pressure  in  the  buckets.  In  this  case  the  total  energy  of 
the  fall  is  developed  as  kinetic  energy  at  entrance  into  the  wheel,  and 
is  there  gradually  converted  into  useful  work,  the  relative  whirl 
becoming  a  maximum,  and  the  absolute  whirl  a  minimum,  at  exit  from 
the  buckets. 

Then  we  have 

Total  Energy  Expended : 


Initial  whirl,  DQ"^ 
^9 


Initial  flow,  DQ  t^  =  I)Q^!ll^^L±. 
2^,  2^ 

(A)  Total,  DQ'^l^^L^.  (43) 

2sr 

(B)  Energy  Wasted : 

Final   flow,   DQ  ^  Uin.^  a  (44) 

2^7 
Final  whirl,  0. 

Effective  Energy:  {A)  —  (B)  =  ^  v,^  (45) 

EMciency:  E^,,-  =  (^)  ~  (^)    =  _J_  =  cos.^  a  (46) 

(A)  sec.^  a 

which  approaches  unity  as  «  approaches  0. 

At  the  speed  of  maximum  efficiency,  when  final  wiiirl  is  o, 
ar,  =  nar,  =  v,  —  ar,. 
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since  the  relative  motion,  v^  —  ar^,  along  the  bucket,  remains  unchanged 
and  the  only  force  acting  upon  the  stream  is  a  deviating  force.  Also, 
neglecting  direct  flow  and  centrifugal  action,  as  before, 

Vj  =  (n  +  1)  ar^ ;  w\  =  -^ 


n  +  l 

z'  =  ^  =  -^-,  nearly.  (47) 

Vi  n  -\-  I 

when  n  =  1, 


'2   ^2   2  ^1  2 


Wo  =  ar,  =  Vo  =  iv, 


V2ghi,  nearly.  (48) 

Z'  =  _A^  =.  1  (49) 

V2gh, 

In  these,  as  in  all  wheels,  the  receiving  edge  of  the  bucket  should 
make  with  the  tangent  to  the  wheel  the  angle 

S=^.l^^=^^;  (50) 

u  u{n  -\-  1) 

The  angle  of  discharge,  /9,  is  so  made  that  direct  flow  shall  be  uni- 
form. It  is  not  true  that,  for  this  wheel,  n  tan.  /9  =  tan.  a,  since  the 
whirl  of  the  wheel,  w^,  is  not  equal  to  that  of  the  water,  v^ ;  but,  for 
all  these  wheels, 

V2  tan.  19  =  Vi  tan.  a ;  tan.  j^  =  —L  tan.  a  (51) 

^2 
23.  The  general  theory  of  these  turbines  is  easily  constructed  when 
the  form  of  wheel  is  determined,  and  its  elements  can  be  expressed 
algebraically.     Thus,  let  the  velocities  of  whirl  have  any  relation,  e.  g., 
such  that 

u,  =  mnVi ;  (52) 

In  this  case,  a  wheel  of  uniform  direct  flow  will  have  such  a  speed 
that 

Wy  =  ar^  =  mvy ;  w^  =  ar^  =  nar^  =  mnvy  =  v^  (53) 

and  the  angle  j3  must  be  of  such  magnitude  that 

tan.  a  =  mn  tan.  /?  (54) 

and  the  angle  d  such  that 

tan.  d  =  ^^-^'  =  v^{l-m)  ^^^^ 

u  u 

Then  it  follows  that  the 
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Total  Energy  Expended  is 
Initial  whirl,  DQ^-L; 

Initial  flow,  DQ  "''  ^"'^  ^   =  t>V  tan.S? 

Gained  in  the  wheel,  DO  ^'m't;,^  —  {v,  —  ar,Y 

{A)  Total,  DQh,  =  ^^  {nHi\^  sec.^  ^9  +  2ar^v,  —  ah^)  (56) 

Energy  Wasted : 

Final  flow,  Z>$  mVt^-tan^^. 

Final  whirl,  D$(^^"^-^""')'; 
25' 

(^)  TotoZ,  ZXg/i,  =  J?^  (>rtVj;,2  gg^_2  ^  _  2amn\v,  +  nVr^^)  (57) 
Efficiency : 

(^)  ^      ' 

2ar^v^  —  a^r^    +  2ar{fnnh^  —  n^a^r^ 


When  7/1  =  1,  this  expression  reads 


(58) 


E, 2ariV,  —  ar^   +  2aHViV,  —  n^a^r^  /^q^ 

w\',^  sec.^  /9  +  2ariVj  —  aVj- 

For  best  work,  nii\  =  ar^;  tan.  a  =  mn  tan.  ,9,  and 

7J,       2mv'  —  m^i?!^  +  m^nh^  /^^s 

and,  when  y/i  =  1  and  tan.  a  =  n  tan.  /9, 

''***•  22  2/"ii  2  2  2-^il'  ^/ 

rri',  sec.'  ^^  +  t?,  n*  sec.'  ,9  -}-   1 

as  already  deduced  for  the  previously  discussed  form  of  pressure  tur- 
bine, centrifugal  action  neglected. 

(To  be  continued.) 
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A  NEW  VALVE  MOTION. 


By  Carl  Angstrom,  Worcester,  Mass. 

[Read  before  the  American  Society  of  Meclianical  Engineers,  November,  1883.] 


This  valve  motion  belongs  to  the  same  category  as  those  of  Brown, 
Marshall  and  Joy,  and  known  by  the  name  of  "  radial  "  valve  motions.* 


Fig.  1  a. 


kTl y 


»y^,*i.  «/  fi,».-..*.«-t^»~g  ' 


,  e«*»vA.  ~  S-1 


In  a  radial  valve  motion,  the  motion  is  generally  accomplished  by  an 
arm,  two  points  of  which  move  in  different  curves.  One  point  moves 
in  a  closed  curve,  such  as  a  circle  or  an  ellipse,  this  motion  being 
derived  from  an  eccentric,  crank  or  from  the  connecting-rod.  The 
other  point  again  moves  either  in  an  open  or  a  closed  curve,  and  this 
motion  is  accomplished  either  by  levers  or  slides,  or  both  combined. 


Fig.  1  6. 


L.-Z/ 


In  the  valve  motion  to  be  described  the  difference  from  those  pre- 
viously mentioned  consists  chiefly  in  the  mechanism  for  giving  motion 
to  the  last  mentioned  point  of  the  valve  actuating  arm. 

The  outlines  of  the  valve  motion  are  shown  in  Fig.  1  a,  in  which  O  is 

*  "On  Radial  Valve  Gears,"  by  R,  H.  Graham.  The  Engineer  (London), 
February  23,  1883. 
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the  centre  of  the  main  shaft,  O  A  the  crank,  and  O  B  the  eccentric 
radius.     The  valve-rod  C  C^  is  attached  to  the  arm  B  D  at  the  point 


Fig.  2. 


C.  The  arm  B  D  is  connected  at  D  by  means  of  a  cross  piece  E  G  to 
the  two  radial  arms  E  F  and  G  H.  These  radial  arms  are  pivoted  at 
E  and  H  to  a  frame,  J  (.see  Figs.  2  and  3),  this  frame  being  free  to 
turn  on  trunnions  K  and  L,  the  center  line  of  these  trunnions   being 


Fia.  3. 


coincident  with  the  point  D  on  the  rod  B  D  at  the  end  positions  A  and 
A^  of  the  stroke  A  A*  of  the  crank.     The  combiuatiou  of  the  radial 
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Fig.  4. 


cT'CedMW  S^*t/v€r 


&xJ(\a\viK  <Svt*v*'.> 


im 

2! 

'%" 

hi 

Ij" 

n 

i 

21 

>< 

'"' 

\         20 

.r 

;   \        iq 

' 

1- 

'     !• 

„ 

,  \ 

IJ 

\      V 

IS 

1l-lll 

M 

II      LillL 

'II 

IS 

~% 

1  ',> 

ill 

•     /-      - 

tiiiiL 

J 

arms  E  F,  G  H  and  the  cross  piece  E  G  with  the  arm  B  D  makes  the 
point  D  move  in  a  reversed  curve,  m  D  ?i.  The  point  B  again  moves 
in  a  circle,  B  a  c  <i,  and  the  point  C,  to  which  the  valve-rod  is  connected, 
will  thus  have  the  combined   movement  C  g  (y  h  derived  from  the 

Fig.  5. 
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circle  and  curve  motions.  The  degree  of  expansion  and  the  reversing 
of  the  motion  is  accomplished  by  changing  the  angularity  of  the 
reversed  curve  m  D  n  with  reference  to  the  line  O  Y.  This  change  in 
angularity  is  done  by  simply  turning  the  frame  J  on  the  trunnions  K 
and  L.  As  shown  in  Fig.  1  a,  all  the  different  curves  representing 
the  travel  of  the  valve-rod  pin  C  will  intersect  at  two  common  points 
C  and  Cj,  each  at  equal  distances  from  the  center  line  O  Y,  the  corres- 
ponding positions  of  the  piston  and  crank  being  at  the  upper  and 
lower  end  of  the  stroke,  'z  The  valve  is  proportioned  so  as  to  give  the 

Fig.  6. 


tTCeopwi.  &A^vt,. 
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desired  lead  at  these  two  points,  and  this  load  then  remains  constant  at 
anv  degree  of  cut-off  at  either  forward  or  back  motion. 

Fig.  1  6  shows  a  modified  arrangement  of  this  same  valve  gear,  the 
valve-rod  C  C  being  connected  to  the  end  of  the  rod  B  C,  instead  of 
inside,  as  in  Fig.  1  a. 

Figs.  4,  5,  6  and  7  illustrate  the  motion  curves  for  full  gear  and  for 
quarter  cut-off  for  both  forward  and  back  motions.  On  each  side  of 
the  motion  curves,  as  shown  in  the  figures,  are  diagrams  similar  to 
indicator  cards,  showing  the  steam  distribution  for  each  end  of  the 
cylinder.  These  diagrams  are  simply  intended  to  assist  in  Jof^ating  the 
various  points  on  the  motion  curves.  The  curves  for  forward  motion, 
Figs.  4  and  5,  indicate  an  exceedingly  quick  opening  or  steam  admis- 
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sion,  while  the  closing  or  cut-off  is  more  like  a  common  link  motion. 
It  is  thought  that  this  valve  motion  can  be  used  with  advantage  on 
engines  running  chiefly  in  one  direction.     The  pendulum  links  and 

Fig.  7. 
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connections  could  then  be  proportioned  so  as  to  give  a  good  steam  dis- 
tribution and  equal  cut-off  at  each  end  of  the  stroke.  The  cut-off 
could  be  changed  automatically  by  allowing  the  governor  to  act  on  the 
movable  frame  J. 


Sounds  Produced  by  the  Wind.— Eolian  harps  and  telegraph 
wires  furnish  familiar  examples  of  musical  vibrations  which  are  pro- 
duced by  the  action  of  the  wind.  The  statue  of  Memnon  and  the 
monument  near  Karnac,  which  was  described  by  Jollois  and  Devillers, 
emit  musical  sounds  which  have  been  variously  explained.  In  the 
Sinaitic  range  there  is  a  cone  of  sandy  rocks,  called  the  Gebel-Nakus. 
When  a  traveller  attempts  in  fine  weather  to  scale  this  miniature  peak, 
he  hears  a  sound  like  that  of  distant  bells.  When  there  is  no  wind 
and  the  sand  is  damp  with  dew  the  sound  is  not  heard.  The  pheno- 
menon Ls  attributed  to  the  friction  of  the  siliceous  sand  on  the  declivities 
of  the  cone.  The  atmospheric  vibration  which  is  thus  started  is  sup- 
posed to  be  intensified  by  cavities,  which  serve  as  sounding  boxes,  or 
resonators. —  Chron.  InduMr.,  March  25,  1883.  C. 


Dec,  1883.]  Sensitive  Thermostat,  Etc.  465 


A  SIMPLE  AND  SENSITIVE  THERMOSTAT  FOR  INCU- 
BATION AND  ARTIFICIAL  DIGESTION  EXPERIMENTS. 


By  N.  A.  Randolph,  M.  D. 


Of  the  many  devices  employed  to  maintain  a  constant  temperature 
in  water-baths  or  air-chambers  the  great  majority  are  either  expensive, 
bulky  or  unresponsive  to  slight  thermic  changes.  The  instrument  about 
to  be  described  presents  no  claim  to  novelty,  except  in  the  method  in 
which  alcohol  is  employed  to  increase  its  sensitiveness,  but  it  occu- 
pies very  little  space,  and  can  be  made  by  any  one,  at  an  expense  so 
slight  as  to  render  it  available  to  every  student. 

Take  an  ordinary  6  inch  by  1  inch  test-tube,  and  pour  in  sufficient 
distilled  mercury  to  fill  the  bottom  of  the  tube  to  a  height  of  one 
and  one  quarter  inch.  Fill  the  tube  to  two  inches  above  the  level 
of  the  mercury  with  rectified  alcohol ;  force  down  a  tight-fitting  flat 
rubber  cork,  having  one  central  perforation,  until  its  lower  surface 
just  touches  the  alcohol,  care  being  taken  that  no  air  bubbles  are 
included.  Then  introduce  through  the  hole  in  the  cork  a  narrow 
tube,  flared  funnel  shape,  nearly  half  an  inch  in  width  at  its  upper 
end.  This  tube  should  fit  very  closely  to  the  cork,  and  its  lower 
end  should  reach  to  within  an  eighth  of  an  inch  of  the  bottom  of 
the  test-tube.  Another  flat  and  closely  fitting  rubber  cork  should 
be  provided,  in  which  are  two  holes,  one  in  the  centre,  the  other 
to  one  side.  In  the  central  hole  is  introduced  a  tube,  the  lower  end 
of  which  is  somewhat  drawn  out,  so  as  to  easily  enter  the  enlarge- 
ment at  the  top  of  the  first  tube.  On  one  side  of  the  second  cen- 
tral tube,  and  about  three-fourtiis  of  an  inch  from  its  narrowed 
end,  a  minute  hole  should  be  filed  or  blown  of  a  diameter  just  suffi- 
cient to  permit  the  passage  of  enough  gas  to  keep  a  flame  alive  ; 
the  second  (lateral)  hole  in  the  upper  cork  is  fitted  with  a  plain 
short  tube,  which  is  connected  with  the  gas  supply,  the  top  of  the 
central  tube  being  connected  with  the  burner  warming  the  water- 
bath  or  other  vessel. 

The  completed  apparatus  is  shown  in  section  in  the  cut  below,  in 
which  M  represents  the  mercury,  A  the  alcohol,  C  the  funnel-tube 
projecting  through  the  two  liquids,  e.  the  gas  admission  tube,  and  e' 
Whole  No.  Vol.  CXVI.— (Third  SERira,  Vol.  Ixiivi.)  30 
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the  gas  exit  tube  provided  with  the  small  opening  referred  to,  to  keep 
the  flame  from  being  entirely  extinguished. 

The  thermostat  being  placed  in  the  same  vessel  with  the  material 
requiring  a  constant  temperature,  all  the  gas  supplying  the  flame 
beneath  the  vessel  is  passed  through  the  instrument  and  its  volume 
modified  as  follows : 

Upon  any  increase  of  temperature  the  alcohol  can  expand  only 
downward,  pushing  the  mercury  up  the  lower  central  tube  until  it 
seals  the  lower  end  of  the  upper  central  tube,  through  which  by  far 
the  major  part  of  the  gas  (which  enters  by  the  lateral  tube)  escapes. 

The  flame  being  now  reduced,  any  fall  in  temperature  in  the 
medium  surrounding  the  thermostat  and  the  material  under  observa- 


^ 


^ 


t^ 


tion  will  be  followed  by  a  descent  of  the  mercury  in  the 
lower  central  tube,  with  a  consequent  unsealing  of  the 
main  exit  of  the  gas  supplying  the  flame. 

The  instrument  may  be  adjusted  to  maintain  any  tem- 
perature within  certain  limits  by  moving  the  upper  cen- 
tral tube  up  or  down,  as  the  case  requires.  In  the  first 
adjustment  a  thermometer  is  necessary,  but  after  the 
precise  height  to  which  the  mercury  rises  at  the  required 
degree  of  heat  is  determined,  the  lower  end  of  the  upper 
central  tube  may  be  fixed  at  that  point,  and  no  further 
adjustment  will  be  required  for  some  time. 

Should  the  minor  gas  exit  (whose  oflice  is  to  permit 
the  passage  of  just  enough  gas  to  preserve  a  mere  point 
of  flame)  prove  too  large,  the  defect  is  easily  remedied 
by  pushing  into  the  tube  a  small  piece  of  paper,  so  bent 
as  to  accurately  fit  the  interior  of  the  tube,  until  the 
passage  of  gas  through  the  minute  hole  is  retarded  to 
the  proper  degree. 

A  good  glass-blower  can  make  this  instrument  in  one 
solid  piece,  in  which  case  the  adjustment  (after  the^^intro- 
duction  of  the  alcohol)  must  be  made  by  the  addition  or  withdrawal 
through  a  capillary  tube  of  jninute  globules  of  mercury. 

In  any  case,  the  instrument  must  always  be  kept  in  an  upright 
position. 

Biological  Laboratory  of  the  University  of  Pennsylvania, 
November  1,  1883. 
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Relations  of  Fluidity  to   Galvanic   Conductivity.— Carl 

.       7,'    TT 

Stephen  gives  the  following  equation  ;  k  =  _ ;  in  which  K  repre- 

sents  the  conductivity  of  a  water  solution  of  the  .same  temperature  and 
percentage  as  an  alcoholic  solution  with  which  it  is  compared ;  H  and 
jy,  the  internal  frictions  of  the  water  and  of  the  alcoholic  fluid,  for  the 
same  temperature ;  w  and  w' ,  the  percentages  of  water  in  the  alcoholic 
solution  and  in  a  mixture  of  alcohol  and  water  of  minimum  fluidity. 
He  gives  the  following  conclusions :  1 .  The  frictional  coefficient  of 
many  mixtures  of  water  and  alcohol,  as  well  as  the  galvanic  conduc- 
tivity of  diluted  solutions  of  various  salts,  can  be  readily  estimated, 
2.  The  conductivity  of  diluted  alcoholic  solutions  increases  more 
slowly,  when  the  amount  of  .salt  is  increa.sed,  than  that  of  water  solu- 
tions. 3.  The  temperature  coefficients  of  the  conductivity  of  diluted 
solutions  correspond  very  nearly  to  those  of  the  fluidity  of  the  solvent. 
4.  The  conductivity  of  the  alcoliol-and- water  solutions  may  be  deduced 
from  that  of  the  corresponding  water  solutions,  by  a  factor  which 
depends  only  upon  the  solvent,  and  is  the  .same  for  difi^ereut  -salts.  5. 
If  the  proportion  of  alcohol  is  not  greater  than  that  of  water  the  con- 
ductivity is  very  nearly  proportional  to  the  fluidity  of  the  solvent. — 
Ann.  der  Phys.  und  Chem.,  October  15,  1882.  C. 

Constitution  of  Comets.  — No  less  than  seven  comets  have  been 
observed  during  the  past  year,  one  of  which  was  photographed  by 
Janssen  in  France,  Common  in  England,  and  Draper  in  Xew  York. 
Huggins  states  that  carbon,  hydrogen,  and  nitrogen  are  undoubtedly 
found  in  the  substance  of  comets,  and  oxygen  also  is  probably  present. 
The  chemical  composition  of  twenty  comets  which  have  been  studied 
appears  to  be  essentially  the  same.  There  are  often  certain  secondary 
modifications,  which  show  that  the  predominant  conditions  are  not 
rigorously  uniform,  and  that  they  may  vary  from  day  to  day  in  each 
comet.  The  temperature,  the  density,  the  amount  of  ga.seous  matter 
emitted  by  the  nucleus,  undergo  continual  variations.  It  is  probable 
that  tiie  spectrum  of  hydrocarbon  is  complicated  by  traces  of  the 
spectra  of  compounds  of  oxygen  and  carbon.  Meteorites  are  probably 
of  the  same  nature  as  comets,  and  gases  can  be  extracted  from  them  in 
such  quantities  as  to  be  exhibited  before  an  audience.  In  1867,  Pro- 
fessor Odling,  when  lecturing  upon  the  researches  of  (Jniham,  lighted 
the  lecture-room  with  gas  that  a  meteorite  had  brought  from  the  realms 
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of  space.  The  meteorite  was  chiefly  iron,  and  contained  nearly  three 
times  its  volume  of  gas,  of  which  85  per  cent,  was  hydrogen,  5  per 
cent,  carbonic  oxide,  and  10  per  cent,  nitrogen.  Professor  A.  W. 
Wright  found  in  a  stony  meteorite,  gases  which  occupied  a  volume  two 
and  a  half  times  as  great  as  that  of  the  meteorite,  or  twenty  times  as 
great  as  that  of  the  iron  which  was  dispersed  in  its  mass.  The  gases 
were  the  same,  but  in  different  proportions.  The  idea  that  the  light 
of  comets  and  the  phenomena  of  their  tails  are  produced  by  electricity 
appears  to  be  spreading.  Zollner,  especially,  has  endeavored  to  show 
that  the  known  laws  of  electricity  are  altogether  sufficient  to  explain 
coraetary  phenomena.  It  has  been  commonly  supposed  that  the  bright 
lines  in  cometary  spectra  indicate  heated  luminous  gases.  Professor 
Wright  and  Johnstone  Stoney  think  that  the  decomposed  vapor  is 
opaque,  as  compared  with  the  special  rays  which  appear  like  bright 
lines,  and  that  the  brightness  is  due  to  the  reflection  of  the  sun's  rays 
from  the  vapor.  Stoney  regards  the  phenomenon  as  one  of  phosphor- 
escence.— Ann.  de  Chim.  et  de  Phys.,  November,  1882.  C 

Recent  Progress  of  Electrical  Science. — During  the  last  four 
years  one  hundred  and  twenty-five  patents  have  been  taken  out  in 
England  for  dynamo-electric  machines,  and  one  hundred  and  seventy 
for  electric  lamps.  The  great  financial  disturbance  in  France  inter- 
rupted the  extension  of  electric  lighting,  and  du  Moncel  laments  the 
comparative  indifference  of  the  French  inventors.  The  question  of 
economy  is  still  a  doubtful  one,  but  the  practical  question  of  satisfac- 
tory electric  illumination  has  been  thoroughly  solved.  The  complete 
success  of  electric  lighting  on  shipboard  would  naturally  lead  us  to 
look  for  its  application  to  railroad  trains,  but  although  many  experi- 
ments have  been  made  in  England,  France,  and  Italy,  the  system  has 
not  yet  been  adopted  upon  any  line.  The  transport  of  energy  by  elec- 
tricity has  been  utilized  in  some  establishments,  but  there  are  no  indi- 
cations of  its  general  introduction. — La  Lumiere  Eleetrique,  January 
26,  1883.  C. 

Dynamogen. — M.  Petry  has  devised  the  following  process  for 
manufacturing  an  explosive  paper,  which  he  calls  dynamogen.  He 
puts  upon  the  fire  an  enamelled  iron  pot  containing  150  grammes  of 
pure  water,  in  which  he  dissolves  17  grammes  of  yellow  prussiate  of 
potash,  and  when  it  boils  he  adds  17  grammes  of  charcoal,  stirring  the 
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mixture  well  together.  Allowing  the  whole  to  cool  somewhat,  he  adds, 
successively,  35  grammes  of  potash,  70  graiumes  of  chlorate  of  potash, 
and  10  grammes  of  starch  triturated  in  50  grammes  of  water.  The 
whole  is  stirred,  so  as  to  constitute  a  very  thin  paste,  which  is  spread 
with  a  brush  over  ordinary  filtering  paper.  The  paper  is  dried  upon 
a  moderately  heated  plate,  and  the  other  side  is  varnished  in  like 
manner.  After  three  coats  have  been  laid  upon  each  side  the  paper  is 
dried.  It  can  be  cut  without  danger  and  made  into  cartridges. — 
Chron.  Industr.,  January  1,  1883.  C. 

Invasion  of  England  by  a  Subterranean  Tunnel.— The 
opposition  of  the  English  Government  to  the  construction  of  a  tunnel 
under  the  English  Channel  has  awakened  great  surprise.  The  French 
people  can  hardly  believe  that  a  great  nation  like  England  can  allow 
itself  to  be  guided  by  puerile  fears.  Some  of  their  journals  have  re- 
produced an  engraving,  which  was  first  published  in  1803,  and  which 
shows  that  the  idea  of  invading  England  by  a  tunnel  had  been  formed 
at  tlie  very  beginning  of  the  century,  at  a  time  when  Bonaparte  had 
just  visited  the  camp  at  Boulogne,  and  had  nionoj)olizod  all  the  vessels 
on  which  he  could  lay  his  hands,  in  order  to  carry  out  his  famous  pro- 
ject of  a  descent  upon  England.  The  engraving  represents  the  chan- 
nel as  filled  with  ships-of-war  and  guiiboat.s,  the  air  with  balloons 
freighted  with  soldiers,  and  large  kites  with  gunners  fastened  to  their 
tails,  the  fortresses  on  each  side  of  the  channel,  and  cavalry,  infantry, 
and  artillery  marching  through  the  tunnel.  Although  the  engraving 
was  probably  intended  as  a  burlesque,  it  seems  no  more  absurd  than 
the  fears  which  threaten  to  prevent  the  execution  of  the  tunnel,  which 
was  planned  in  1875  and  recommended  by  an  Anglo-French  commis- 
sion in  187G. — La  Nature,  No.  497.  C. 

Protection  against  Rust. — Dr.  Beckers  has  invented  a  preserva- 
tive against  rust,  which  is  sold  under  the  name  of  oil  of  caoutchouc, 
and  which  is  said  to  have  been  introduced  into  general  use  by  the 
German  army.  It  is  a  varnish,  prepared  by  mechanical  moans  which 
have  hitherto  been  kej)t  secret,  but  which  result  in  so  intimate  a  mix- 
ture of  the  oil  and  caoutchouc  that  the  latter  preserves  all  its  ela.sticity, 
and  communicates  it  also  to  the  oil.  When  rublied  by  a  flannel  uj)on 
a  metallic  surface  it  dries  slowly,  forming  a  perfectly  elastic,  adhesive 
pellicle,  which  protects  the  metal  from  atmospheric  influences. — La 
Papeierie;  Chron.  Luh(.str.,  No.  50.  C. 
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Electric  Omnibus.— The.  electrical  storage  company  at  Mill  wall, 
London,  has  constructed  an  electric  omnibus,  which  moves  with  a  ve- 
locity of  six  miles  an  hour.  A  number  of  accumulators,  weighing  80 
pounds  each,  and  capable  of  driving  the  tramcar  for  seven  hours,  are 
placed  under  the  seats  and  the  current  is  communicated  by  insulated 
wires  to  a  Siemens  dynamo,  M^hich  acts  as  motor.  The  electricity  which 
is  furnished  by  the  accumulator^,  serves  not  only  to  drive  the  carriage 
but  also  to  give  it  light. — Lumi^re  Ekctrique,  April  7,  1883.         C. 

Metallic  Veins. — Dieulafait  affirms  that  in  a  metallic  vein  there 
are  always  three  constituents;  the  metallic  substance,  quartz,  and  sul- 
phate of  baryta.  He  has  found,  in  many  of  the  deep  channels  which 
are  worn  by  glaciers,  crystallized  quartz,  which  must  have  been  formed 
in  the  quaternary  period,  under  conditions  of  pressure  and  tem- 
perature nearly  identical  with  the  present.  He  also  finds,  in  examining 
900  specimens  of  primordial  rocks,  that  there  is  not  one  however  small, 
which  does  not  give  appreciable  quantities  of  sulphate  of  baryta,  as 
well  as  of  metals,  diffused  through  the  mass;  he  has  thus  recognized 
the  presence  of  copper,  lead  zinc,  manganese,  and  even  vanadium,  a 
metal  which  has  been  considered  very  rare.  By  observations  in  salt 
marshes  and  in  the  Caspian  sea  it  has  been  found,  that  when  fishes 
come  into  concentrated  sea-water  they  die  and  fall  to  the  bottom,  where 
they  decompose  and  produce  sulphuretted-hydrogen  which  precipitates 
metals  in  the  form  of  sulphurets;  afterwards,  the  concentration  still 
going  on,  the  sulphate  of  lime  is  precipitated  in  its  turn  and  covers  the 
metalliferous  layer,  as  in  the  Mansfield  bed.  Hence  Dieulafait  con- 
cludes that  metalliferous  layers,  veins,  pockets  or  ores,  may  be  pro- 
duced by  mutual  chemical  actions,  under  present  atmospheric  condi- 
tions,— Chron.  Industr.,  March  25,  1883.  C. 

Transfer  of  Energy  by  Electricity. — In  discussing  Tresca's 
experiments  at  the  Northern  Railway  station,  the  president  of  the 
Society  of  Civil  Engineers  remarked  upon  their  great  value.  Even 
if  a  quarter  of  the  original  energy  could  be  transmitted,  there  would 
be  many  cases  in  which  a  force  could  be  transported  to  a  distance, 
which  it  would  be  impossible  to  produce  at  the  place  where  it  is  used. 
M.  Chretien,  thought  that  the  delivery  would  vary  largely  under 
varying  conditions.  He  claimed  personally,  to  have  transmitted  60 
per  cent,  in  some  cases,  and  even  more. — Chron.  Industr.,  March  25, 
1883.  '  C. 
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CORRESPONDENCE. 


Committee  on  Publication  of  the  Journal  of  the  Franklin  Institute. 

Gentlemen  : — I  have  the  honor  to  submit  for  publication  the 
following  new  proposition  on  the  attraction  any  solid  body  exerts  at 
the  level  of  a  liquid  mass  surrounding  it. 

Prop.  Let  a  liquid  mass  be  in  equilibrium  around  any  solid  body, 
whatever,  the  level  of  such  liquid  will  be  a  surface  of  equal  attraction. 

In  fact,  the  equilibrium  being  established,  let  us  imagine  an  outer 
stratum  of  liquid  of  equal  and  very  small  thickness  to  become  solid 
like  a  shell,  without  changing  its  density ;  and  at  different  points  of 
such  shell  let  us  drill  e([ual  holes  and  replace  in  them  the  same 
discs  we  have  removed  just  as  if  they  were  pistons.  It  is  evident 
that  by  the  principle  of  equal  transmission  of  pressure  in  hydraulics, 
and  the  condition  of  equilibrium,  such  discs  must  have  all  tlie  same 
weight.  Hence,  the  surface  of  level  of  the  liquid  must  be  a  surface 
of  equal  attraction. 

Corollary.  If  the  disturbances  caused  by  centrifugal  force  and  luni- 
solar  attraction  on  our  planet  be  neglected,  the  level  of  the  sea  will  be 
a  surface  of  equal  attraction.  L.  d'Auria. 

Philadelphia,  Nov.  14,  1883. 


Book  Notices. 


French  Forest  Ordinance  of  1069.     Compiled  and  translated  by 
John  Croumbie  Brown,  LL.D.    Edinburgh  :  Oliver  &  Boyd,  1883. 

It  appears,  from  an  examination  of  this  work,  that  the  famous  Forest 
Ordinance  promulgated  by  Louis  XI X",  King  of  France  and  Navarre, 
and  since  known  as  the  French  Forest  Ordinance  of  1069,  form"?  the 
basis  of  all  existing  laws  relating  to  the  subject  of  forestry.  It  is, 
therefore,  of  much  historical  interest,  aside  from  scientific  bearings,  and 
it  is  somewhat  surprising  to  learn  from  Professor  Brown  that  the  text 
of  this  ordinance  appeai-s  for  the  first  time  in  the  English  language 
in  his  work. 

It  contains  much  that  is  curious  and  interesting,  and  to  those  who 
are  specially  devoted  to  the  subject  of  forest  preservation  and  cultiva- 
tion— which    is   rapidly  becoming   an    important   one   in   the   United 
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States — it  will  doubtless  be  highly  appreciated.  The  author  is  a 
devoted  student  of  the  science  of  forestry,  and  his  present  translation 
and  compilation  will  prove  a  most  desirable  contribution  to  the  biblio- 
graphy of  the  subject  in  the  English  tongue.  W. 


The  Brewer,  Distiller  and  Wine  Manufacturer.  Edited  by 
John  Gardner,  F.C.S.  Illustrated.  Philadelphia :  P.  Blakiston, 
Son  &  Co.,  1883.     12mo,  pp.  278. 

The  volume  here  noticed  is  represented  to  be  the  first  of  a  series  of 
"  Technological  Handbooks,"  prepared  with  a  view  of  conveying  in 
condensed  form  as  much  practical  information  as  possible,  so  that  those 
desirous  of  informing  themselves  concerning  the  practical  details  of 
any  one  of  the  technological  arts  may  find  therein  everything  that  is 
essential.  The  design  is  a  good  one,  and  there  is  need  of  a  series  of 
the  kind  named,  if  edited  by  competent  specialists. 

The  present  work  forms  a  very  creditable  beginning  of  the  series. 
It  is  quite  comprehensive  and,  so  far  as  we  have  been  able  to  examine 
it,  accurate.  It  will  be  found  useful  for  reference  by  the  manufac- 
turer, and  particularly  valuable  by  the  novice  wishing  to  familiarize 
himself  with  the  principles  and  methods  involved  in  manufacturing 
fermented  and  distilled  liquors,  and  alcoholic  compounds  generally. 

The  publisher  announces  that  this  volume  will  be  followed  by  one 
devoted  to  bleaching,  dyeing,  etc.  W. 


The  Elements  of  Chemistry,  for  the  Use  of  Schools,  Academies 
and  Colleges.  By  Edwin  J.  Houston,  A.  M.,  etc.  Philadelphia : 
Eldredge  &  Brother,  1883. 

There  is  room  for  a  well-digested,  systematic,  elementary  work 
upon  chemistry,  elucidating  plainly  the  views  respecting  the  nature  of 
chemical  force,  the  facts  respecting  gaseous  combinations  by  vol- 
ume, the  theoretical  ideas  of  the  quantivalence  of  the  elements  and  its 
influence  on  molecular  structure,  the  theory  of  substitution,  and  other 
facts  and  theories,  the  general  appreciation  and  acceptance  of  which 
have  revolutionized  both  the  nomenclature  and  the  methods  of  teach- 
ing the  science. 

This  need  the  author  has  succeeded  very  well  in  filling,  and  the 
present  work  may  be  safely  recommended  to  teachers  of  chemistry  as 
perliaps  more  clearly  and  concisely  j)resenting  the  most  recent  develop- 
ments of  the  science  than  any  other  elementary  text-book  extant. 
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The  author  has  been  exceptionally  successful  as  a  maker  of  text- 
books, as  the  popularity  of  his  several  works  on  Physical  Geography 
and  Natural  Philosophy  attests,  and  for  this  work  he  is  especially  well 
qualified  by  the  gift  of  a  happy  faculty  of  clear  and  concise  expres- 
sion, in  addition  to  which,  his  long  experience  as  an  instructor  has 
enabled  him  to  thoroughly  understand  the  requirements  of  both  teach- 
ers and  pupils. 

The  present  volume  is  fully  illustrated,  neatly  printed  on  good 
paper,  and  substantially  bound.  It  will,  doubtless,  take  its  place  with 
the  other  works  of  this  author,  as  a  favorite  text-book.  W. 


Manual  of  the  Railroads  of  the  United  States  for  1883, 
ETC.,  ETC.  Bv  Henrv  V.  Poor.  [16th  Annual  Number.]  New 
York :  H.  V.  &  H.  W.  Poor,  70  Wall  street.  London  :  Effingham 
Wilson,  Royal  Exchange,  1883. 

Poor's  Manual  of  Railroads  has  come  to  be  looked  upon  as  a  stan- 
dard work  of  reference  for  information,  statistical,  historical  and 
descriptive,  respecting  the  railroads  of  the  United  States.  For  all 
having  business  or  other  relations  required  a  knowledge  of  the 
mileage,  stocks,  bonds,  cost,  traffic,  earnings,  expenses,  organization, 
etc.,  of  the  railroad  companies  of  this  country,  the  work  is  simply 
indispensable.  The  sixteen  annual  volumes  which  Mr.  Poor  has 
issued  form  an  exceedingly  valuable  history  of  the  rise,  progress  and 
present  status  of  the  railroad  systems  of  the  United  States. 

Twenty  Years  with  the  Indicator.  By  Thomas  Pray,  Jr., 
M.E.,  C.E.  Boston  :  Boston  Journal  of  Commerce  Co.,  128  Pur- 
chase street.     1883. 

This  work  comprises  162  pages  and  95  illustrations,  and  contains 
an  account,  in  such  form  as  to  be  intelligible  to  one  unfamiliar  with 
the  subject,  of  the  author's  experience  of  twenty  years  in  the  use  and 
application  of  the  indicator  in  correcting  and  improving  the  eco- 
nomical efficiency  of  steam  engines.  It  is  illustrated  by  numerous 
diagrams,  as  mentioned  above. 

These  diagrams  are  engraved  to  scale,  and  most  of  them  have  been 
taken  from  actual  practice,  produced  just  as  they  left  the  indicator, 
from  marine  and  stationary  engines. 

I'he  indicator  diagrams,  simple  as  they  are  to  those  who  understand 
how  to  read  them,  are,  unfortunately,  a  sealeil  book  to  only  too  many 
engineers. 
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This  work,  however,  by  its  lessons,  shows  plainly  the  difference 
between  good  and  bad  diagrams  as  they  are  selected  from  the  twenty 
years'  practice  of  the  author,  with  reference  to  the  special  business  in 
hand,  and  any  person  who  is  operating  with  steam  as  a  motive  power 
may  read  it  with  profit.  W.  B.  L. 


Franklin    Institute. 


[Proceedings  of  the  Stated  Meeting^  held  November  21,  1883.] 

Hall  of  the  Institute,  Nov.  21,  1883. 

The  meeting  was  called  to  order  at  the  usual  hour,  with  the  Presi- 
dent, Mr.  Wm.  P.  Tatham,  in  the  chair. 

There  were  present  92  members  and  16  visitors. 

The  minutes  of  the  previous  meeting  were  read  and  approved.  The 
Actuary  submitted  the  minutes  of  the  Board  of  Managers,  and  reported 
that  at  the  stated  meeting  held  Wednesday,  November  14th,  13  persons 
had  been  elected  to  membership. 

The  Secretary,  by  instruction  from  the  Committee  on  Science  and 
the  Arts,  reported  that  the  Committee  had  recommended  the  award  of 
the  Scott  Legacy  Medal  and  Premium  to  Messrs.  Blodgett  Brothers  & 
Tirrell,  of  Boston,  for  their  improvements  in  Electric  Signal  Clocks, 
and  to  Arnold  Nacke,  of  Philadelphia,  for  his  improvement  in  Screw 
Cutting  Devices.  He  also  reported  that  the  same  had  been  advertised 
for  three  months  in  the  Journal,  and  that  he  had  received  no  objec- 
tions thereto. 

Mr.  J.  E.  Mitchell,  seconded  by  Hector  Orr,  moved  that  the  recom- 
mendation of  the  Committee  to  award  the  Scott  Legacy  Medal  and 
Premium  to  Blodgett  Brothers  &  Tirrell,  for  their  improvment  in 
Electric  Signal  Clocks,  be  approved,  and  that  the  Secretary  be  directed 
to  notify  the  Committee  of  Minor  Trusts  of  the  Board  of  City  Trusts 
of  the  action  of  the  Institute.     Carried. 

A  similar  motion,  by  the  same  movers,  was  made  on  behalf  of  Mr. 
Arnold  Nacke,  for  his  improvement  in  Screw  Cutting  Devices,  which 
was  also  carried. 

Mr.  J.  E.  Mitchell  then  moved  to  suspend  the  usual  order  of  busi- 
ness, in  order  to  permit  action  to  be  taken  respecting  the  recent  death  of 
Mr.  Edwin  Grehle,  of  Philadelphia,  for  many  years  a  member  of  the 
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Institute.  The  motion  was  carried.  Mr.  Mitchell  thereupon  made 
the  following  remarks : 

"  Mr.  President  : — It  becomes  my  painful  duty  to  announce  to 
the  Institute  the  death  of  one  of  its  oldest  and  most  useful  membei-s — 
Edwix  Greble — who  died  October  23d,  in  the  78th  year  of  his  age. 

"  Mr.  Greble  was  elected  a  member  of  the  Institute  in  1833,  only 
nine  years  after  its  organization,  and  has  been  an  honored  member  for 
over  fifty  years. 

"From  the  time  of  his  election,  in  1833,  up  to  1864,  Mr.  Greble 
was  one  of  the  most  active  workers  in  the  management  of  the  Insti- 
tute, having  served  on  several  important  committees,  and  for  nearly  a 
quarter  of  a  century,  from  1841  to  1864,  was  an  active  member  of  the 
Board  of  Managers,  and  its  chairman  in  1848. 

"  Almost  his  only  living  colleague  at  this  time  is  Mr.  Frederick 
Fraley,  who  bears  testimony  to  the  great  value  of  his  services  at  this 
early  period,  and  of  his  entire  devotion  to  the  best  interests  of  the 
Institute. 

"  Mr.  Greble  was  always  a  loyal  citizen  of  Philadelphia,  his  native 
city,  his  son,  Lieutenant  Greble,  being  one  of  the  first  to  fall  in  the 
defence  of  the  Union. 

"He  was  honored  by  a  seat  in  our  City  Councils  in  1862,  and  was 
chairman  of  the  committee  to  disburse  the  money  provided  to  aid  in 
furnishing  soldiers  during  tiie  late  war,  and  many  thousands  of  dollars 
passed  through  his  hands.  He  was  elected  a  Trustee  of  the  Pennsyl- 
vania Museum  and  School  of  Industrial  Art,  and  took  a  deep  interest 
in  everything  calculated  to  improve  the  taste  and  elevate  the  condition 
of  the  working  peo})]e,  many  beautiful  monuments  and  other  works 
in  marble  and  granite  remaining  as  the  result  of  his  taste.  I  there- 
fore beg  leave  to  offer  the  following  : 

"Hesolved,  That  in  tlie  death  of  Edwin  (Jrel)le,  which  occurred  on  23d 
of  October  hvst,  in  the  7Stli  year  of  his  age,  the  Franklin  Institute  hus  lost 
one  of  its  earliest  and  most  useful  members,  one  who  by  his  actions,  aid 
and  counsel  in  the  early  dayn  of  the  Institute  did  nmeh  to  Jay  the  founda- 
tions on  which  rest  its  present  high  {wsition  of  usefulness,  and  who  secured 
the  respect  of  liis  colleagues  in  after  years  by  his  hearty  co-operation  in 
carrying  forward  its  work. 

''Beao/ved,  That  his  fellow-uicnibers  hereby  tender  to  hiy  family  their 
respectful  and  heartfelt  syini)athy." 

The  resolutions  were  adopted  without  di&senting  voice. 

The  Secretar\''s  report  eml)racc<l  remarks  upon  the  amendments  to 
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the  British  Patent  Law,  which  go  into  eiFect  on  January  1,  1884; 
the  project  for  a  second  ship  canal  across  the  Isthmus  of  Suez;  the 
general  adoption  throughout  the  United  States  of  the  New  Standard 
of  time;  a  description  of  an  improvement  in  Saddles  by  Mr.  P.  Mc- 
Fadden,  of  Philadelphia ;  of  certain  improvements  in  the  construc- 
tion of  Organs  by  Prof.  Gaily,  of  Boston,  which  were  described  by 
Mr.  William  Blasius ;  of  an  automatic  device  invented  by  P.  E.  Jay, 
of  New  York,  for  preventing  the  freezing  of  water  pipes,  consisting 
of  a  valve  in  the  water  pipe  placed  above  the  point  at  which  there 
may  be  danger  of  freezing,  and  so  adjusted  that  before  the  weather 
becomes  cold  enough  to  freeze  the  water  in  the  pipes,  the  valve  is  auto- 
matically opened,  a  flow  of  water  is  established  through  the  pipe,  and 
the  same  thus  protected ;  and  of  an  automatic  cut-out,  devised  by  Messrs. 
Pinkhara  &  Seal,  of  Philadelphia,  and  designed  to  preserve  an  open 
circuit  battery  from  injury  when  accidentally  close  circuited  for  any 
length  of  time,  and  which  will  again  make  proper  connections  when 
the  ground  has  been  removed. 

A  strong  magnet,  of  low  resistance,  controls  an  armature,  which  in 
turn  operates  an  insulated  cylinder  by  means  of  a  connecting  rod. 
Attached  to  the  upper  end  of  this  cylinder  is  the  segment  of  a  cog- 
wheel, which  engages  in  a  smaller  one  bearing  a  fan,  the  object  of 
which  is  to  offer  sufficient  resistance  to  the  armature  to  cause  it  to 
move  slowly. 

The  outer  surface  of  this  same  cylinder,  which  is  about  f  inch  in 
diameter,  and  about  1  inch  long,  is  faced  with  platinum,  against 
which  three  fingers,  secured  to  a  post  of  rubber  or  other  insulating 
substance,  come  in  contact.  These  fingers  are  made  of  a  good  con- 
ductor, possessed  of  more  or  less  elasticity.  The  first  finger  plays  upon 
the  platinum  surface  above  described  the  entire  limit  of  its  partial 
revolution,  caused  by  the  action  of  the  armature.  The  second  finger 
plays  upon  the  platinum  until  the  armature  is  drawn  nearly  up  to  the 
magnet  heads,  when  it  becomes  insulated  by  a  piece  of  rubber  passing 
under  it. 

The  third  finger  is  the  reverse  of  the  second,  being  insulated  from 
the  cylinder  until  just  before  the  second  finger  becomes  disconnected, 
when  it  comes  into  contact  with  the  platinum  surface.  No.  1  finger  is 
connected  with  one  wire  of  the  magnet,  the  other  wire  being  attached 
to  a  binding  post  in  the  instrument. 

Fingers  Nos.  2  and   3  connect  with   two  more  binding  posts.     A 
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weight  is  secured  to  the  cylinder  in  such  position  that  when  the  magnet 
ceases  to  be  energized  the  armature  is  carried  back  to  its  normal  position. 

The  instrument  is  attached  as  follows :  The  magnet  is  looped  into 
the  ground  wire  of  the  battery  by  means  of  two  of  the  binding  posts. 
This  disposes  of  fingers  1  and  2,  which  are  always  in  contact  on  the 
platinum  surface  when  the  magnet  is  not  energized.  The  other  bind- 
ing post  is  attached  by  wire  to  the  same  pole  of  a  gravity  battery  which 
corresponds  to  the  ground  wire  of  the  open  circuit  battery.  The  other 
pole  is  attached  to  same  wire  of  the  opposite  pole  of  open  circuit  bat- 
tery. This  disposes  of  No.  3  finger.  The  action  of  the  instrument  is 
now  very  simple.  Any  vibratory  connection,  such  as  ringing  a  bell 
or  lighting  an  automatic  gas  burner  has  no  effect  whatever  upon  the 
instrument.  A  single  contact,  such  as  is  caused  when  ringing  a  stroke 
or  tap  bell  or  lighting  a  burner  by  the  wire  spark  (so  called),  produces 
a  slight  impulse  in  the  instrument;  but  should  the  contact  be  sustained 
for  one-fourth  of  a  minute,  the  energized  magnet  attracts  the  armature 
which  revolves  the  insulated  platinum  surface,  causing  a  change  of 
connections.  When  at  rest,  fingers  1  and  2  are  in  contact.  When 
energized,  fingers  1  and  3  are  in  contact.  No.  2,  which  connects  with 
open  circuit  batter\',  has  now  become  insulated,  and  No.  3  which  con- 
nects with  closed  circuit  battery  has  come  into  contact  with  No.  1,  or 
ground  wire.  In  this  instrument  the  ground  is  not  removed,  but  the 
circuit  is  simply  changed  from  a  battery  which  will  be  destroyed  if 
grounded  a  sufficient  length  of  time,  to  a  battery  whose  nature  is  the 
reverse,  and  would  therefore  carry  the  ground  without  destruction  so 
long  as  it  has  material  to  work  upon.  To  preserve  the  closed  circuit  bat- 
tery in  a  normal  condition  while  not  in  use,  it  is  close  circuited  through 
a  coil  of  very  high  resistance  which  allows  just  enough  current  to  pass 
through  the  buttery  to  retain  its  strength. 

Now,  should  the  ground  be  removed  by  accident  or  otherwise,  the 
magnet  loses  its  energy  and  the  armature  is  cjirried  back  to  its  normal 
position  by  the  weight  on  the  cylinder.  The  instrument  is  actuated 
upon  by  the  open  circuit  battery  up  to  a  certain  point  when  the  closed 
circuit  battery  is  thrown  in  and  retains  the  armature  at  that  point  until 
the  ground  is  removal,  thus  opening  the  circuit  of  the  destructible 
battery.      • 

The  instrument  is  enclosed  in  a  neat  box  about  the  size  of  a  trans- 
mitter box,  and  has  a  glass  front  exposing  to  view  a  needle  which  points 
to  the  words  "grounded"  and  "clear"  according  as  the  instrument  is 
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so  operated  upon.  The  box  is  locked  to  prevent  tampering  or  mischief 
and  the  binding  posts  are  secured  to  the  upper  end  of  the  base  which 
projects  somewhat  beyond  the  box  itself. 

Professor  Edwin  J.  Houston  being  called  upon  by  the  Secretary  to 
explain  the  invention  of  Mr.  Patrick  B.  Delany,  of  the  Synchronous 
Multiplex  Telegraph  System,  remarked  : 

"  It  gives  me  great  pleasure,  Mr.  President  and  gentlemen  of  the 
Institute,  to  call  your  attention  to  what  I  cannot  but  regard  as  the 
most  wonderful  electrical  invention  of  the  present  time.  I  refer  to  the 
system  of  Synchronous  Multiplex  Telegraphic  communication  mainly 
the  invention  of  Mr.  Patrick  B,  Delany. 

"You  will  the  more  readily  appreciate  the  great  value  of  this  inven- 
tion when  I  tell  you  that  the  only  system  of  quadruplex  telegraphy, 
by  means  of  which  no  more  than  four  messages  can  be  simultaneously 
transmitted  on  one  and  the  same  wire,  has  hitherto  been  owned  and 
operated  solely  by  the  Western  Union  Telegraph  Company,  and  is 
justly  regarded  by  that  company  as  its  most  valuable  invention.  What 
then  must  be  the  value  of  Mr.  Delany's  invention,  by  means  of  which 
no  less  than  seventy-two  messages  can  be  simultaneously  transmitted 
on  the  same  wire. 

It  will  be  almost  impossible  for  me  to  give  you  a  full  description 
of  this  remarkable  invention  without  the  aid  of  drawings  and  appa- 
ratus, but  I  will  do  my  best,  leaving  minor  details  to  a  paper  which  I 
will  shortly  publish  in  the  Journal  of  the  Institute. 

"The  Synchronous  Multiplex  System  differs  essentially  from  the 
present  quadruplex  system,  which,  as  you  well  know,  is  based  on  the 
balancing  of  resistances,  whereby  the  transmitting  operator's  instrument 
is  unaffected  by  the  messages  transmitted,  but  is  ready  for  the  reception 
of  signals  from  the  other  end  of  the  line. 

"  Mr.  Delany's  system,  however,  is  based  on  the  synchronous  rotation 
of  two  discs,  one  at  each  end  of  the  line,  by  means  of  which  a  single 
wire,  constituting  the  line,  is  brought  simultaneously  into  connection 
with  corresponding  operating  instruments  at  each  end  of  the  line,  and 
transferred  from  one  set  of  instruments  to  another  so  rapidly  that  the 
operator  transmitting  or  receiving  does  not  realize  that  the  line  has  been 
disconnected  from  one  instrument  and  given  to  another,  since  each 
operator  always  has  the  line  at  his  disposal,  even  at  the  highest  rate  of 
manipulation. 

"  It  will  therefore  be  understood  that  the  synchorous  system  is  based 
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on  the  following  simple  fact;  viz.,  that  the  time  during  which  any 
telegraphic  operator  is  actually  using  the  line  bears  an  exceedingly 
small  ratio  to  the  time  that  the  line  is  out  of  use ;  and  that  in  this 
system  each  operator  follows  the  preceding  operator,  and  uses  the  line 
only  when  it  is  not  required  by  others.  Although  we  speak  of  say 
seventy -two  messages  simultaneously  transmitted  on  the  same  wire,  yet, 
in  point  of  fact,  only  one  operator  is  using  the  line  at  any  given  time. 
The  effect,  however,  is  practically  the  same  as  if  it  were  simultaneously  used 
by  all  the  seventy-two  operators,  since,  if  a  single  wire,  connecting,  say 
New  York  and  Philadelphia,  had  seventy-two  branches  running  from 
the  terminus  at  Philadelphia,  to  seventy-two  distinct  operators  in  Phila- 
delphia, and  seventy-two  branches  running  from  the  Xew  York  termi- 
nus to  seventy-two  distinct  operators  in  New  York,  any  seventy-two 
of  these  operators  could,  at  any  time,  have  the  line  at  their  disposal 
to  the  same  extent  as  if  it  were  a  private  line,  entirely  irrespective  of 
whether  any  or  all  of  the  other  operators  were  using  it,  since  no  two  of 
them  are  given  the  line  at  exactly  the  same  time. 

"  The  practical  success  of  this  system  is  dependent  on  the  ability  to 
maintain  perfect  synchronism  between  the  rotating  discs  at  each  end  of 
the  line.  By  the  application  of  a  beautiful  system  of  perfectly  auto- 
matic regulations  the  inventor  has  succeeded  in  obtaining  this  so 
thoroughly  that  the  two  discs  can  be  maintained  in  continuous  motion 
for  days  without  varying  from  one  another  by  as  much  as  the  six 
hundredth  part  of  a  second.  This  lie  effects  by  a  series  of  electrical 
impulses  sent  over  the  same  wire  that  connects  the  distant  stations,  at 
such  times  only  that  one  instrument  is  slightly  in  advance  of  the  other. 
Should  the  line  connecting  the  two  stations  be  accidentally  broken,  the 
synchronism  between  the  two  instruments  would  of  course  be  lost,  but 
since  the  control  is  entirely  automatic,  they  would  place  themselves  in 
synchronism  with  one  another  as  soon  as  the  line  was  connected. 

"Although  the  mechanism  requisite  to  produce  these  results  is 
necessarily  somewhat  complicated,  yet  the  extent  of  the  complexities  is 
by  no  means  as  great  as  might  bo  believed  necessary.  Indeed,  much 
less  skill  is  required  to  keep  the  line  in  running  order,  than  is  requi- 
site with  the  ordinary  (|uadru})lex  system,  for  in  the  f[uadruplex  system 
a  change  in  the  electriad  condition  of  the  line  equivalent  to  a  lengthen- 
ing of  the  circuit  for  say  ten  miles,  will  throw  the  apparatus  out  of 
adjustment  and  stop  all  communication,  while  in  the  nuiltiplex,  as  I 
myself  have  seen,  an  instantaneous  change  in  the  resistance  of  the  line 
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equal  to  five  hundred  miles,  may  be  made  without  practically  affecting 
the  synchronous  movement  of  the  distributers,  or  interrupting  the 
various  circuits. 

"A  marked  advantage  of  the  synchronous  system  of  telegraphy, 
over  those  now  in  use,  is  in  the  absolute  secrecy.  No  tapping  of  a 
synchronous  line  can  by  any  possibility  disclose  the  nature  of  the  intel- 
ligence being  transmitted,  since  the  line  at  the  point  tapped  would  then 
give  not  only  all  the  messages  it  was  then  transmitting,  but  also  the 
separate  makes  and  breaks  caused  by  the  successive  transference  of  the 
line  to  each  of  the  operators  connected  therewith. 

"  In  order  to  prevent  the  breaks  caused  by  the  successive  trans- 
ferrence  of  the  line  to  the  different  operators  from  affecting  the  instru- 
ments at  the  other  end,  a  very  beautiful  use  is  made  of  the  well-known 
polarized  relay,  by  means  of  which  the  operators'  instruments  respond 
not  to  changes  in  the  continuity  of  the  circuit,  but  to  changes  in  the 
polarity  of  the  sending  instruments  that  are  placed  in  the  circuit  of  a 
split  battery. 

"  This  invention  is  due  to  Mr.  E.  A.  Calahan,  the  inventor  of  the 
stock  exchange  printing  telegraph,  who  has  been  associated  with  Mr. 
Delany  in  his  inventions." 

The  report  of  the  Joint  Committee  on  the  reading  of  Papers  was 
then  called  up  as  the  special  business  of  the  evening.  After  some  dis- 
cussion of  the  same,  Mr.  J.  M.  Eldridge  moved  the  addition,  at  the 
close  of  resolution  authorizing  the  Secretary  to  provide  a  signal  bell, 
etc.,  of  the  words,  "  for  a  certain  number  of  minutes."  The  same  was 
approved. 

Prof.  E.  J.  Houston,  seconded  by  Mr.  Washington  Jones,  moved 
that  so  much  of  the  report  of  the  Committee  as  related  to  the  altera- 
tions of  the  by-laws  be  indefinitely  postponed,  and  that  the  remainder 
of  the  report  be  approved  and  adopted.     Carried. 

The  report  of  the  Special  Committee  on  the  "  Examination  of 
Steam  Engineers,"  presented  majority  and  minority  reports.  After 
much  debate  thereon,  it  was  finally  decided,  on  motion  of  Mr.  J.  W. 
Nystrom,  to  recommit  the  reports  to  the  Committee,  and  to  increase 
the  number  of  its  members  from  five  to  seven.  The  President 
appointed  as  additional  members,  Messrs.  William  A.  Ingham  and 
William  Helme. 

The  meeting  was  thereupon  adjourned. 

Wm.  H.  Wahl,  Secretary. 
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